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REMARKS 

On January 30, 2004, Applicants filed their amendment and response to the Office Action 
dated September 30, 2003. Included with that response was the Declaration of Sunil Chada, 
Ph.D., with Exhibits 1-4. Applicants note that Exhibit 2 was omitted from that Declaration. 
Therefore, the Declaration with all Exhibits is resubmitted herewith. 



CONCLUSION 

Applicants believe that the foregoing remarks fully respond to all outstanding matters for 
this application. Applicants respectfully request that the rejections of all claims be withdrawn so 
they may pass to issuance. 

Should the Examiner desire to sustain any of the rejections discussed in relation to this 
Response, the courtesy of a telephonic conference between the Examiner, the Examiner's 
supervisor, and the undersigned attorney at 512-536-3081 is respectfully requested. 



Respectfully submitted. 




Gina N. Shishima 
Reg. No. 45,104 



FULBRIGHT & JAWORSKI L.L.P. Attorney for Applicants 

600 Congress Avenue, Suite 2400 

Austin, Texas 78701 

(512) 474-5201 

(512) 536-4598 (facsimile) 

Date: March 31, 2004 
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I hereby oer1if]r that Ihb correspondence b bd^ 
Service Wim sulKtem postage as First Class M38 ^ 
Convnissloner for Patents, Wastilngton. DC 



January 3. 2003 



Date 



GinanShishlma 



PATENT 



IN TIIE UNITED STATES PATENT AND TRADEMARK OFHCE 



In re Application of: 
Chada^al. 

Serial Na: 10/017.472 

Filed: December 7, 2001 

Fon METHODS OF TREATMENT 
INVOLVING HUMAN MDA-7 



Group Art Uml: 1632 
Examiner: Li^QianJ. 
Atly. Dkt.No.: INGN:097US 



DECLARATION OF SUNIL CHADA^ FhJ 

I, Sunil Chada, declare: 

1. I am the Director of Research and Development at Introg^ Therapeutics. I have been 
woiidng in the field of gene therq>y and cancer biology for at least IS years. My 
curriculwnwUteissltached2^ 

L I am also one of tfie invrators named on the plication identified above, which concerns 
the melanoma dififerenfiafion assodated gene (mdar7) and i 

The mda^7 gene was first identified in human melanoma cell lines aa a poasiblo tumor 
suppressor. Jiang el a/., Oncogene 11:2477-86 (1995). Subsequent studies confirmed 
that elevated levels of MDA-7 supfnessed cancer cdl growth in vitro and selectively 
induced q)optosis in human breast canco^ cells and hihibited tumorigem'city in mide 



3^ 



25379990.1 



1 



mice. Jisngei al, Proc. Natl Acad 93:9160^5 (1996); Su et ai, Proc. NaHAcad 
&I. 95:14400-05 (1998). 

4. 1 imderstfflid that the present application contains claims directed to methods of inhibiting 
angiogCDCsis involving administering a nucleic acid expressing the human MDA-7 
pol}^tide, which have been rgected as lacbng enablement 

5. As described in this apphcation» the first 48 amino adds of the fnlMength sequote may 
be cleaved lo yield a secreted foroi of the protein. 1 have done scioitilic research on the 
tumor siqppressor gene mda-7 and the MDA-7 protein, both the luU-leDglh and truncated 
versions. 

6. In one study concerning the MDA-7 protein, human melanoma cell lines MeWo and 
WM35 were treated with increasing concentrations of an MDA-7 protein lacking the first 
48 amino acids of the fiilMcngth sequence. The cell lines were analyzed in triplicate at 
12, 24, 48, 72, and 96 hours aftor treatment using a trypan blue exchision assay* This 
truncated MDA-7 protein induced cell killing in melanoma cells (BxUbit 2), but did not 
induce killing in lung cancer cells. 

7. In another study, different forms of fbc MDA-7 protdn wm evaluated in PC3 human 
prostate camxr cells and H1299 human rion-small cell lung carcinoma cells. The 
dififoent form$ (Exhibit 3) included: a fiill-I»jsfh MDA-7, an MDA-7 protem laddng its 
oiwn secretion signal (cytoplasmic version. laddng first 48 amino acids), an MDA-7 
targeted to die nucleus (nuclear vmioiiX and an .MDA-7 lacking its oym secretion signal 
but containing a signal targeting it to fte oidoplasmic reticulum (ER version). Cells 
transfected with either the fiilM»gtfa or ER version of MDA-7 showed gn>wth 
suppression (Exhibit 4). Furthermore, there were hi^er levels of ^xyptosis observed in 
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cells tnufisfeicted with the fulMmgdi or ER vercions^ as comporcd fo the cytoplasmic or 
nuclear versions of MDA-7. 

8. Thus, as discussed in paragraph 6, the tnmcated versiim of MDA-7 does indeed induce 
apoptosis as set forth in the specijQcation of this i^Iicatipn. Furtbainore» as discussed in 
paragraph 7, a truncated MDA-7 with a heterologous signal sequence suppresses growth 
and induces ^ptosis. 

9. Moreover, while the q>ec]fication provides data regarding an Ad-inda7 construct to 
express MDA-7 in a eukaryotic celU another study involved formulating a plasmid with 
an MDA*7 encoding nucleic acid in a liposome composition. The human mda-7 cDNA 
was placed under the control of the CMV promoter in a plasmid, which was fOTnulated 
in a DOTAPrcholcstcrol complex. Nude mice were injected with human non-small cell 
lung carcinoma cells (A549 cell line) to produce tumors. Tumors were thm treated 
intralumorally with the DOTAP:Chof-imii^7 complex (50 pg/dose), resulting in the 
inhibition of tumor growth as compared to tumors in control animals. Similariy, tunmrs 
in xmde mice fix>m implantation of fibrosarcoma cells (UV223M cells) (syngendc tumor 
model) were also inhibited by intratumoral administration of the DOTAP:Choi-m<A7-7 
conq[>lex. Moreover, when the tumor tissue fifom these animals were evahiated fcnr CD31, 
they eadnbitedTeduced levels of etadssng, which is indicaftive of tednced vascolttizs^oiL 

10. I hereby declare that all statements made of my ovm knowledge are true and all gtaffmcnts 
made m information are believed to be true and further that flie statemoits were made wrfli 
the knowledge chat wiUflil fUse statemoits and ibe like so made are punidiable by fine or 
imprisonmcntorbothunder § 100! of Title 18 of the United States Cbde^ and that such 
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wiUiul false statements may jec^aidize the validity of diis application of 
dierepn. 




ajda^PhJ). 
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BIOGRAPHICAL SKETCH 

Provide the following fnfonnation for the key personnel in the order listed for Form Page 2. 
Follow tf^ fbmiat for each person. DO NOT EXCEED FOUR PAGES. 



NAME 

SunilChada 



POSITION TITLE 

DIRECTOR OF RESEARCH AND DEVELOPMENT 



EDUCATION/TRAINING (Begin with baccalaureate or other irvtiaf professiona! education, such as nursing, and include pqstdoctora! tr^Hng,) 



INSTITimON AND LOCATION 



DEGREE 

(a appncable) 


YEAR(s) 


FIELD OF STUDY 


B.Sc. 


1982 


Ceil & Molecular 


(Honors) 




Biology 


M.Sc. 


1985 


Molecular Biology 


Ph.D. 


1988 


Molecular Genetics 



Kings College^ University of London 
London^ England 

University of California at Los Angeles 
Los Angeles, CA 

University of Mdssachussetts Medical School 
Worcester. MA 

A. 

B. Positions and lionors. List in chronological order previous positions, concluding with your present 
position. List any honors. Include present memt)ershq> on any Federal Government public advisory 
committee. 
PROFESSIONAL EXPERIENCE 

1 985-1 988 Research Associate, Univ. of Massachusetts Medical School, Worcester MA 
1988-1 991 Research Scientist I, Dept. of Molecular Virology, Viagene Inc., San Diego CA 
1991-1993 Research Scientist II, DepL of Imnnunobiology, Viagene Inc., San Diego CA 
1993-1995 Senior Scientist, Dept. of Immunobiology, Viagene Inc., San Diego CA 
1995-1997 Staff Scientist, Chiron Technologies Inc., San Diego CA 
1 997-pres Director of Research and Development Introgen Therapeutics, Houston TX 
2p02-pres Adjunct Faculty, DepL of Bioimmunotherapy, Divisbn of Cancer Medicine, 
MD Anderson Cancer Center 

CoiTimlttee Memberships 

National Cancer Institute - SBIR/ STTR SRG Reviewer (standing member) 
National Cancer Institute - Cancer Chemoprevention (Ad hoc member) 
National Cancer institute - RAID Committee member 

Rice University - Advisory Board for NIH and NSF Biotechnology Training Programs 
Alliance for Cancer Gene Therapy - Reviewer 



a 
1) 



2) 



3) 



Selected peer-reviewed publications (from a total of 6$). 

Chou C, Gatti RA, Fuller M, Concannon P, Wong A, Chada S, Davis R, and Salser W. 'Structure arid 

e}(pression of ferritin genes in a human promyelocytic ceil line that differentiates in vitro." Molecular 

and CeKular Biology 6:566-573 (1986). 
Davis RC, Thomason AR, Fuller ML, Slovin JP, Chou CO, Chada S, Gatti RA. and Salser W. TmRNA 

species regulated during the differentiation <rf HL-60 cells to macrophages and neutrophils.' 

Developmental Biology 1^9:164-174 (1987). 
Chada S, Whitney C, and Newburger, PE. "Control of expression of the human glutathione 

peroxidase gene by selenium." In: OxyRadicals in Molecular Biology and Patliotogy, eds. CerutU P, 

Fridovich I, and McCord J, UCLA Symposia on Molecular and Cellular Biology Vol. 82. Alan R, Liss. 

New Yorit, pp.273-288 (1988). 
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4) Holland CA, Chada S, Wright J, Whitney C, Harigaya K, Greenl)erger J, Newburger PE. 

"Differentiation of Human Hematopoietic Cells Inaeases Expreission of a Gene Transfenred by a . 
Retroviral Vector." J. /.eu/focyfe 8/o/ogy 46:221-229 (1989). 

5) Chada S, Whitney C, and Newburger PE. "Post-transcriptional regulation of glutathione peroxidase 

gene expression by selenium in the HL-60 human myeloid cell line." Stood 74:2536-2541 (1989). 

6) - Chada S and Newburger PE. "Incorporation of selenocystelne at a UGA termination codon in the 

human glutathione peroxidase gene". In: Glutathione Centennial; Molecular Perspectives and 
Clinical Implications, eds. Taniguchi N, Higashi T, Sakamoto Y, and Meister A. Academic Press. 
Inc. San Diego pp:145-160 (1989). 

7) Chad|a S, LeBeau M, and Newburger PE. "Isolation and chromosorhal localization of the human 

glutathione peroxidase gene." Genom/cs 6:268-271 (1990). 
8} Wamer JF, Anderson CG, Laube L, Jolly D, Townsehd K. Chada S and St. Louis D. "Induction of 
. HIV-spedfic CTL and antibody responses in mice using retroviral vector transduced ceDs." AIDS 

Research and Human Retroviruses 7:645-655(1991). 
9) Jolly J, Chada S, Townsend K, DeJesus C, Chang S. Weinhold K, Anderson CG. Lynn A. Bodner M. 

Barber J, and Warner J. "CTL cross reactivity between HIV strains." AIDS Research and Human 

Refrovfruses 8:1379-1381 (1992). 
fO) Warner JF. Anderson CG. Laube L. Jolly D, Irwin M and Chada S. "Irnmunotherapy using retroviral 

vectors" In 'Moleatlar Ba^s <^ Immune Response^. eds. Nariuchi, H et al. Academic Press, Inc. 

San Diego, pp.155-165 (1993). 
11) Chada S, DeJesiB C, Townsend K, Lee W, Laube L. Jolly D, Chang S and Wamer J. "Cross-reactive 

lysis of human targets infected with prototypic and clinical HIV-1 strains by murine anti HIV-1 lilB 

env specific CTL." Jouma/ of Wrotogy 67:3409-341 7 (1 993) 
f 2^Thor G, Sepulveda H, Chada S and Dutton RW. "A monoclonal antibody that distinguishes between 

a phosphorylated, beta-2 microglobulin associated and a non-phosphorylated, free heavy chain of 

MHC dass I." Joi/ma/ of //n/n(//7oto9y.151:1-i4 (1993) 
.73^Sajaddi N. Kamantigue E, Edwards W. Howard T, Jolly D and Chada S. 'Recombinant retroviral 

vector delivered intramuscularly localizes to the site of injedion in mice." Human Gene Therapy 

5:693-699(1994) 

14) Inwin M, Laube L, Lee V, Austin M, Chada S, Anderson C-G, Townsend K, Jolly D and Wamer J. 

"Direct injection of a recombinant retroviral vector induces HIV specific immune responses in mice 

and. nonhurnan primates'. Jouma/ofW/otogy 68:5036-5044(1994) 
15} Shen Q. Chada S, Whitney C and Newburger PEN. "Regulation of the human cellular glutathione 

peroxidase gene during monomyelocytic differentiation." Stood 84:3902-3908 (1994) 
f 6) Newburger PEN. Malawista S, Dinauer M. Gelbart T, Woodman R. Chada S, Shen Q. von Blaricam 
. 6. Quia P and Cumutte J. "Chronic Granulomatous Disease and glutathione peroxidase deRdenc^, 

revisited" Stood 84:3861-3869 (1994) 
Fouts T R. Tuskan R G, Chada S. Hone D and Lewis G K. "Construction and Immunogenidty of 5. 

fMi>/7//n(/i/umVaccine Vectors tfiat express HIV-1 gp160." Vacdne^: 1797-1705 (1996) 

18) 7. W. Dubensky. Driver DA.. Polo JM. Bei BA. Chada S, Bnimm D. Banks TA. Mento SJ. Jolly DJ and 

Chang Sl^ 'Sindbis vims DNA-based express vectOTK ubTrty for 
Joumaf of Vivotogy 70: 508^19 (1996) 

19) Kamantigue E. Edwards W. Chada S« Brumm. D. Austin M. Inivin M. Menio 8 and Sajjadi N. "EvUence 

for k)calization of btoibgically active recombinant retroviral vector to lymph nodes and the site of 
injection in mk» infected intramusculariy*. Gene Therapy 3: 128-136 (1996) 

20) Song ES. Lee V. Suhr CD, Brumm D. Lynn A, Jolly DJ, Wamer JF. Chada S. "Mechanisms of retroviral 

mediated in vivo gene transfer and antigen presentation." Proceedings of the National Academy of 

Sciences, USA 94:1943-1948 (1997) 
222 Kline RM and Chada S. "Kilfing The Last Cell: Using The Immune System To Fight Cancer." MIT 

Technology /Review. June:48-55 (1997) 
22) Nguyen KHY, Boyle DL, McCormack JE, Chada S and Rrestein G. "Direct synovial gene transfer 

witti retroviral vectors in rat adjuvant artttritis". Journal of rheumatology ^: 1 1 1 8-1 1 25 (1 998) 
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23) Ishlda J, Chada S, Stipanov M, Nadaf S, Ciemik Fl, Gabrilovich Dl and Cafbone DP. "Dendritic 
.censtransdu(»d with vwld type p53 gene eHdt potent antH^ Clhkaland 
Experimental immunology: 117(2):244-51 (1999) 

24) Boyle DL,. Nguyen KHY, Zhaung S, McConmack JE, Chada S, and Rrestein GS. "Intra-artiGular IL-4 

gene therapy in arthritis: Clinical efficacy and enhanced Th2 activity". Gene Therapy. 6:191 1-1918 
(1999) 

25) Russell JS, Lang FF, Huel T, Janicot M, Chada S, Wilson DR and Tofilon PJ. "Radiosensitizafion of 

human tumor ceil lines induced by the adenovirus-mediated expression of an anti-ras sir^le chain 
antibody fragmenf. Cancer Researc/). 59(20):5239-44 (1999) 

26) Saeki T, Mhashilkar AM, Roth JA,, Branch C, Chada S and Ramesh R. Tumor-suppressive effects 

by adenbvinjs-niediated mda-7 gene transfer in non-small cell lung cancer cell in vitro'. Gene 
77»e/apy 7: 2051-2057 (2000) 

27? Mhashilkar AM. Schrock RD, Hindi M, Uao J, Sieger K, Kourouma F, Zou-Yang H, Onishi E, Takh O, 
Vedvk* T, Fanger G, Stewart L, Watson GJ, Snary D, Rsher PB, Saeki T, Roth JA, Ramesh R and 
Chada S. "Melanoma-Differentiation Assodated Gene (mda-7): A Novel Anti-TUnwr Gene for 
Cancer Gene Therap//Afo/ect//arMed/ci/)8, 7(4): 271-282 (2001). Cover article. 

28;Nikitina EY, Claric Jl, Benyen J, Chada S, Vinnani AK, Cartwne DP and Gabrilovich Dl. "Generatfon 
of Anti-tumor Cytotoxfc T Lymphocytes from Peripheral Blood of Cancer Patients using Dendritfc 
cells transduced with WildType p53 Gene'. Clinical Cancer Research, 7:127-135 (2001); 

29; Saeki T, Mhashilkar AM, Swanson X, Zou-Yang H, Zumstein L, Sieger K, Branch CD, Roth JA, 
Chada S and Ramesh R. 'Inhibition of human lung cancer growth following adenovirus-mediated 
mda-7 gene expression in vivo'. Oncogene 21 (29): 4558-66 (2002) 

30) Ekmekdoglu S, Ellertiorst J. Mhashilkar A, Sahin AA. Read CM. Prieto VG. Chada S. and Grimm 

EA. 'Down-Regulation Of Melanoma Differentiation Associated Gene (mda-7) Expresston In 
Human Melanomas' IntemationalJoumal of Cancer^: 54-59 (2001) 

31) Huang EY, Madireddi MT, Gopalkrishnian R, Lesczyniecka M. Su ZZ, Lebedeva IV. Kang DC, Jiang 

H, Lin JJ, Alexandre D, Chen Y, Vozhilla N, Mei MX. Christansen KA, Sivo F, Goldstein N, 
Mhashilkar A, Chada S, Hubemian E, Pestka S and Rsher PB. "Genomic Structure, chromosomal 
localization and expression profile of mda-7, a novel cancer-specific growth suppressing and 
apoptosis inducing gene". Oncogene 20: 7051 -7063 (2001 ) 

32) Ellertiorst JA, Prieto VG, Ekmekdoglu S, Broemeling L, Yekell S, Chada S and Grimm EA. "Loss of 

MDA-7 Expressk)n with Progressfon of Melanoma". Journal of ainical Oncology 20(4):1 069-74 
(2002) 

33; Mohiuddin I. GaoX,OzaryanMK. Zumstein LA, Chada S. SmytheWR. 'PTEN Over-expressfon 
Engenders Cellular Death In Human Malignant Mesothelioma Cells Via Inhibitton of AKT 
Phosphorylatk)n\ i4nna/5 0fStrf9x»/(>}co^ogy. 9(3):310-6(2002) 

34) Stewart AL, Mhashilkar AM, Yang X-H, Ekmekdoglu S, Saito Y, Sieger K, Schrock RD, OnlsW E, 
Swanson X, Mumm JB, Zumstein L, Watson G, Snary D, Roth JA, Grimm EA, Ramesh R and 
Chada S. "PISK bkxdode by Ad-PTEN Inhibits invaston and induces Apoptosis in Radial Growth 
Phaise and Metastatk: Melanoma Cells'. Molecular Medicine. 8:451-462 (2002) Cover artk:ie 

3^ Cauden E, Mumm J. Poindexter N, Ekmekdoglu S, Mhashilkar A. Yang X-H, Sieger K. Chada S and 
Grimm EA. "MDA-7 is a Novel Thi Cytokine that is Antagonized by IL-IO*. Journal of Immunology 
16816041-6046(2002) . 

36) Nikitina EY, Chadar S, MuraCacho C, Fang B, Zhang R, Roth JA, and Gabritovfch Dl. "An effedivo 

immunization and cancer treatment with activated dendritic cells transduced with fulHengtfi wild- 
type p53'. Gene Therapy. 9(5):345-52 (2002) 

37) Kawabe S, Nishikawa T, Munshi A. Roth JA. Chada S and Meyn R. 'Adenovims Mediated mda-7 

Gene Expresston Radtosensitizes Non-Small Lung Cancer Cells via pSSnndependent 
mechanisms'. Molecular Therapy. §{5): 6Z7-644 {2002) 

38) Pataer A, Vorburger SA, Barber G, Chada S, Mhashilkar A. Zhou-Yang H, Balachandran S, Roth JA, 

Hunt KK and Swisher SG. "mda-7 induces apoptosis via upregulation of the double-stranded RNA 
dependent kinase PKR". Cancer Research 62:2239-2243 (2002) 
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39> Chen J, Chada S, Mhashilkar AM and Mlano JM. "MDA-7/IL-24 Selectively Inhibits Vascular Smootti 
Musde Cell Growth and Migration*. Molecular Therapy, Aug;8(2):220-9 (2003) 

40) Pataer A, Chada S, Hunt KK, Roth JA and Swisher SG. "Adenoviral MDA-7 induces apoptosis in 

lung cancer cells through Mitochondrial Permeability Transition independent Cytochrome C 
Release". Journal of Thoracic and Cardiovascular Sumen^ 1 26(6> :1328-1325 (2003) 

41) Sasaki Jl, Rairosh R, Chada S, Gomyo Y, Roth JA, and Mukhopadhyay T. "An Anthelminthic Dmg 

to Curb Human Cancer A Novel Microtubule Inhibitor as a Potential Inducer of Apoptosis in Non- 
Small Cell Lung Cancer Cells but Not in Normal Cells In Vitro and In Vivo'. Molecular Cancer 
TTjerapeutfcs/l: 1201-1209 (2002) 

42; Ekmekcioglu S, Ellerhorst JA, Mumm JB, Zheng M, Broemeling L, PrietoVG, Stewart AL, Mhashilkar 
AM. Chadja S and Grimm EA. "Negative Association of Melanoma Differeriti'ation Associated Gene 
(mda-7) and inducible Nitric QxWe Synthase (iNOS) in Human Melanoma: MDA-7 Regulates iNOS 
Expression in Melanoma Cells." Molecular Cancer Therapeutics. 2(1 ):9-1 7 (2003) 

43; Ramesh R, Mhashilkar A* Tanaka F, Saito Y, Sieger K, Mumm JB, Stewart A, Branch CD, Boqufo A, 
Doumoutier L. KotenkoS, Roth JA and ChadaS. ' MDA-7/ IL-24 is a novel ligand that regulates 
angfogenesis via the IL-22 receptor". Cancer Research. 63(16):5105-13. (2003) 

44; Mhashilkar AM, Stewart A, Sieger K, Itol, Saito Y, Roti) JA, Ramesh R and Chada S. "MDA-7 
Negatively Regulates the beta-Catenin and PI3K Signaling Pathways in Breast and Lung Tumor 
Ceils". Alofecti/Sar Therapy, 8(2):207-19 (2003) 

4£9 Chada S, MhaishilkarA and Gabrilovlch D. "Development of vaccines against self antigens: the p53 
paradigm". Cu/renrOp/nfco /n Drug ^yscoveiy a/7(/ Deve/opmenf. Mar;6(2):1 69-73 (2003) 

46) Fisher PB, Gopalkrishnan RV, Chada S, Ramesh R, Grimm EA, Rosenfeld MR, Curiel DT and Dent 

P. 'm(/a-7/IL-24, a novel cancer selective apoptosis inducing cytokine gene*. Cancer Bi(^ogy and 
Therapy. 2(4):24-38 (2003) 

47) Saito Y, Gopalan B, Mhashilkar AM, Roth JA, Chada S, Zumstein L, Ramesh R. Adenovinis- 
mediated PTEN treatment conibined with caffeine produces a synergistic Uierapeutic effect in 
colorectal cancer cells. Cancer Gene Therapy, 10(11):803-13 (2003). 

48; Saito Y, Swanson X, Mhashilkar AM, Oida Y, Schrock R, Branch CD, Chada S, Zumstein L, Ramesh 
R. Adenovirus-mediated transfer of the PTEN gene inhibits human colorectal cancer growtti in vitro 
and in vivo. Gene Therapy ;10(23):1961-9 (2003) 

49) Chada S, Ramesh R, Mhashilkar AM. Cytokine- and chemokine-based gene ttierapy for cancer 
Cii/r O/)iinMo/77)er.5(5):463-74(2003). . 

50) Sieger KA, Mhashilkar AM, Stewart A, Yang H-Y, Mumm JB, Ramesh R and Chada 8. The tumor 
suppressor activity of MDA-7/IL-24 Is mediated by intracellular protein in NSCLC cells". Molecular 
Therapy In Ptess {200A) 

51) Chada S, Ekmekdoglu S, EOerhorst JA, Mumm JB, Sahin A, Hunt KK. Ramesh R, Grimm EA and 
Mhashilkar AM. MDA-7/IL-24 Is a unkjue cytokine in ttfe IL-10 fanilly". IntemaUbnal 
Immum^hannacology. In Press (2004) 

C. Research Support . 
GRANTS AWARDED ffirom a total of m 

1. (ChadaS. "Newel Gene Therapeutic for the Treatntent Of Lung Cancer" SBIR Grant 1R43 

01 (Funded 03^00). Role: PI. Goals: to evaluate Ad-nxiaT as a potential therapeutic for NSCLC 

2. MeynR Tumor cell radk)sensitization by gene drugs" STTR Grant (Funded 08/00). Role: co-PL 

. Goal: to evaluate radtosensHization by Ad-p16 and Ad-mda7 

3. Grimm EA 'Novel gene therapy for MelarK>ma' STTR grant (Funded 06/01). Role: co-PL Goals: to 
evaluate Ad-nnJaT as a potential therapeub'c for melanoma. 

4. Chada S "Combination treatment for breast cancer using Ad-mda7 plus Herceptin". SBIR grant 
(Funded 07/02). Role: PL Goals: To evaluate synergy between /\d-mda7 and Herceptin in breast 
cancer 

5. Grimm EA "Phase II dinical trial for Melanoma using INGN 241 (Ad-mda7y' STTR grant (Funded 
09/03). Role: co-PI 

PATENTS a nd APPUCATIONS 8 issued patents; 17 appKcations pending 
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A Single Intramuscular Injection of Recdrobinant Plasmid DNA 
Induces Protective Immunity and Prevents Japanese 
Encephalitis in Mice 

GWONG-JEN J. CHANG/ A^W R. HUNT, AND BRE^ 

Dhision cfVeOor-Bome Infectious Diseases, Centers for Disease Control and Preventiort, FubSc Health Service^ 
Dqmtmaa of Health and Human Sen4ces, Port ColB^ Colorado 80522 

Received 10 November 1999/Acoqyted 1 Feimiaiy 2000 

Plasmid vectors containing Japanese encephalitis virus (JEV) premembrane (ih-M) and envelope (E) genes 
were constructed that expressed jnM and,E protdns under the control of a cytomegalovlriis immediate-^arly 
gene promoter. COS-l ceik traDsformed with this ^asmld vector (JE-4B done) secreted JEV-spcdfic extra* 
cdlDlar particles (EPs) into the culture media. Groups of outbred ICR mice were given one or two doses of 
recombhiant plasmid DNA or two doses of the commercial vaccine JEVAX. All mice that received one or two 
doses of DNA vacdne maintained JEV-spedfic antibodies 18 months after initial immunization. JEVAX 
induced 100% seroconversion in 3-week-old mice; however, none of the S-day-old mice had en^rme-^inked 
immunosorbent assay titers higher than 1:400. Female mice immunized with this DNA vaccine devdoped 
plaque reduction neutralization antibody titers of between 1:20 and 1:160 and provided 45 to 100% passive 
protection to thdr progeny following intraperitoneal challenge with 5,000 PFU of virulent JEV strain SA14. 
Seven-week-old adult mice that had recdved a sfaigle dose of JEV DNA vacdne when 3 days of age wm 
completely protected from a 50,000-PFU JEV intraperitoneal chaDenge. lliese results demonstrate that a 
recombinant plasmid DNA which produced JEV EPs in vitro is an effective vacdne. 



Japanese encephalitis (JE) b a mosquito-borne viral disease 
of major public health hnpoitance in Ada. More than 35,000 
cases and 10,000 deaths are reported annually (52). Japanese 
encephalitis virus (JEV) is a member of the genus Flayivirus in 
the family Flavivindae, More than 70 spedes in the Flavivirus 
genus have been genetically and serologically classified (29). 
Other important human pathogenic flaviviruses include yellow 
fever, dengue ^rpe 1 to 4 (DENl to DEN4), tick-4)orne en- 
cephalitis (TBE), and St. Loiiis encephalitis (SLE) viruses. 
Vaccination has been an effective mechanism for prevention of 
flavivirus infection in humans and domestic animals. Three 
JEV vaccines are in wide^read production and use (52). 
These are inactivated virus from infected mouse brain, tnactf 
vated. virus from primaiy hamster kidn^ cells» and a live at- 
tenuated SA14-14-2 vaccine. Only mactivated JEV vacdne, 
JEVAX» produced in mouse brain is distributed commerdally 
and avaflable internationally (52). Inactivated, mouse brain- 
derived whole virus vacdne is costly to prepare and carries the 
ri^ of allergic reaction to murine eno^dialitogenic basfc pro- 
iems or gelatin stabilizer (45; M. M. Andersen, and T. Rcmne, 
Letter, Lancet 337:1044, 1991). Smce 1989, an unusual number 
of systemic reactions characterized by generalizecl urticaiia 
wdhi angioedona fdknring JEVAX munumzation have lieen 
rq)orted from Australia, Canada, and Denmark (36). A major 
IHoblem associated with use of the inactivated mouse brain 
vacdne is the ^iluro to stimulate long-term immunity (39). 
Multiple immunization is recommended to provide adequate 
protection (28, 39). The attenuated JEV vacdne, SA14-14-2, b 
undergoing clinical trials (31). However, because of regulatoiy 
bsues this vacdne has not found wide acceptance outside the 
People's RepubUc of Chma (11). 



* Conespondtiig author. Mailiog address: P.O. Box 2087, Divi^on 
(tf Vector-Bonie Infectious Diseases, CDQ Foothifl Ompas» Fort 
Collins^ CX> 80522-2067. Phone: (970) 221^97. Fax: (970) 221-6476. 
E-mail* ptc7@cd&gov. 



Several eaqperimental recombinant virus, attenuated viros, 
and subunit JEV vacdnes have been reported. Recombinant 
baculovirus vector that contained the JEV envelope (E) pro- 
tein gene has been used to infect insect cells and produce E 
protein that has been studied as a biosynthetic immunpgen 
(33). Recombinant vacdnia viruses esqpressing the JEV genes 
extending from premembrane (prM) to NS2B proteins have 
been the most promising candidate vacdnes. These candidate 
vacdnes produced extracellular viras-l&e partides (EPs) in 
infected cell culture that mduced high titers of heutralking and 
hemagghitinadon-inhibiting antibodies and protective immu- 
nity in mice (19-21, 47, 54). Recombinant vacdnia viruses 
eapriessing the same JEV genes based on the attenuated yac» 
dnia virus strain, NYVAC- JEV, or canarypooc, ALVAC-JEV, 
were tested m phase I human trials (18). In this trial, only 1 in 
10 ALVAC-JEV recipients devek>p<>d detectable viral neutral- 
izing antibody, and vacdnia virns-preimmune recipients had a 
sigi^cantiy kmet humoral hmnune refuse. 

Inoculation of animab with purified plasmid vectors (DNA) 
by the intramuscular (Lm.) or intradermal route leads to ex- 
presskm of the recombinant vector-encoded protein in trans- 
fected cells; resulting in stimulation of a protein-q>edfic im- 
mune re^xmse. Plasmid DNA vacdnes provide an alternative 
to attenuated, inactivated^ or virus-vectored subunit vaodnesL 
HaviWrus DNA vacdnes for Murray VaD^ encq)halitis^ 
DEN2; m, SLE, and TBE (Central European encephalitis and 
Russian sffmg summer encq>halitis) viruses have been devel- 
oped and tested in the mouse model (4, 17, 24, 30, 38, 49). AU 
of these plasmid DNA constructs contained shnilar transor^ 
tional regulatory elements and a flaviviras gene cassette. Vac- 
cination of mice with these plasmid DNA vacdnes induced a 
virus-qpedfic antibody reqx>nse, as detected by en^me-linked 
immuno5ort)ent assay (ELISA). However, production of neu- 
tralizing antibody leading to 100% protection of vaccinated 
animals from vfrus challenge was observed only after multiple 
unmunizations or delivery dt DNA to the epidermis by particle 
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FIG, 1. Mq) of the JEV genomic stiuctuic (top) and the DNA scqoasce of oligomjckotidcs used in RT-PCR to constnict tfec tianscripcion nnit for the c A| i J C &iion 
of prM-£ piotein ooding icgiom (bottom). Potentbl transmembrane helices polyprotein are indfcated fay Uackened areas. 



bombardment (4, 24, 49). In this study, we constructed a JEV 
prM and E gene cassette that incorporates an extended signal 
peptide sequence at the NH2 terminus of the prM gene and 
Kozak's seqiience, an optimal translation enhancing element 
surrounding the AUG site. JEV protein expression was char- 
acterized using six different recombinant vectors containing the 
. same insert. The humoral immune response and protection 
from vimlent JEV challenge following immunization with the 
recombinant plasmid DNAs were compared to foldings for the 
human vaccme, JEVAX, licensed by the U.S. Food and Drag 
Administration, in outbred ICR mice. 

MATERIALS AND MBTHODS 

Cdl cniiarf and i/km stnfak COS^U C05-7, and SV-T2 ceDs (16iSCK3a» 
1651-Cia« and 163J-GCL; Anaidm Type OdtDie Cbl^^ 
37*C io MbecGoTs BwdUied Eagle mcdiimk (Gibco 

N.Y.) wqyp tem c ntc d widi 10% beat4Dactivated fetal bovine scram (Hydone 

LtoatO!>ks>lnfc,Logai^UtahXl mMsodhimiiyniya^ 

amino acid^ 7S% NaHOp» (30 nd/litcrX pcnidOiD (100 Vfn^ lUcytO iu yci n 

(100 |ig^ a>S-l and OOS-7 ceb were derived from sin^ vnis 40 (SV«^ 

traztsfonncd CVlcefii which have an A&ican green moo^ 

SV-T2 cdb ivcve derived SV404ians&mned DOim fifaioblast^ 

were gyora imdv Oe nme ooofilictt that 5% fetal calf se^ 

nneasntiri amhio add was ored oefli (U) im 90m 

same D6(SmB Qscd for &e OOS-1 oeQL The SA14 stiaiB of JEV» prop^a^ 

intracranial ioocidatioo iotD suckfiog mouse hi^n, was med for ^nrmmi 

Icnges and plaqoe redoctkn neutrafizatioD tests (PRNT> The SA14 vims osed 

in EUSA and Weston UoC cayeriiacuts was propagated in C606 cells and 

porified by ultiaccuuiftigation 00 30% g)|yoeffQMS% potoahm tamale yradi* 

c]its(37)i 

CDDStraclioQ oTplMBridk cavRsringlSVprikf and B gnc proceitts^ 
IWA was eattncled fkom 150 tid of SA14 moM faraitt JEV 1^ uring a QIAamp 
viial RNA kit (Qii^gea, Santa Oaiita. OdiL), RNA was adsoibed on a sifica 
membrane, duted hi 80 pi of dietbyi pyrocarbooate (Sigma Chemical Co^ St. 
Umis^ Maltreated water» and used as a template for ani^ia^ 
and E genes. Primer sequences were obtained from the poMisbed data (35). A 
sm^e cDNA firagment containing genomic nucleotides (nt) 389 to 2478 was 
anqrfified by revcne uansoriptase-medlated PGR (RT-PCRX Restriction en> 
zyme sites for K/vtl andAKal and Kozak's sequence for an optimal transbtioo 
initiation (25, 2Q were enghieered at die 5' teimnras of the dONA by anqil^^ 
14DV389. An m-frame tiansteiioo tenninatfoo oodon, fbOowcd by a Nod fe> 
strictioo site^ was in trod u ce d at die 3' termimis of die cDNA by ampinner 



C14DV2453 (Fig. 1). A sin|^c-tube RT-PCR was perfonned using a Titan RT- 
PCR Kit (Roche Molecular Biochemical, Indianapolis, Ind). The RT-PCR 
product was praified using a QIAqnicfc PCR pniificatioa kit (QiagenX and the 
DNA was eluted with 50 |d of 1 mM Tiis-HQ (pH 7.^ 

' AD vector constmctioDS and analyses were canicd out using standard tecfa- 
niqncs (46). RT-PGR-amfdified cDNA was dBgested with emymaiQinl andAbd 
and inserted into the ^nJ-Notl site of eukaiyotic caqnession plasmid vector 
pCDNA3 (Invitrogen, Carload, Calif.). Electropoition^ompetent Esdurkhia 
coS XLl-^e ccSs (Stratagene, La Calif.) were transformed by electro- 
pbratioo (Gene Pulser; Bio-Rad Laboratories^ Hercules, CafiL) and i^ted on 
Luna brodi (LB) agar j^tes that contained caibemdllia (100 p^M; SJjgma). 
Ctopcs were pidced and Inocoiatedlato 3 ml of LB containing ca ibeni cillm (100 
Ix^obIX nasmid DNA was cgttiacted fiom a 144 13 culture 1^ using a QIA^ 
^tt Minqjrep kit (Qis^X Automated DNA sequencing was p ci fo imed » 
recommended on an ABI Prism 377 DNA sequencer (Pn]Bn-Bmci/Ap|died 
Biosystcms, Foster Gty, Cafit). Both strands of the cDNA were sequenced and 
co mpar ed to die poU^hed SA14 virus sequence (3^ 

Hie pCDNA3 fragment from nt 1289 to nt 3455, which contained the O* 
ciModedcniiu > oU c iii^ofie|totiop(oriXSV40ari,nconqcm 
and SV40 p(4<A) dcmeod^ was deleted by PimU digesdbn and dien sdf-l^ated 
to generate piMmid pCBampi The pOBBittp vector, wfaidi coDtn^ 
intron hseition at die/AwI-J^I site of the pCB vector* im eoas uuct ed by 
ocdsmg die faitroo seqocaoe from pCI (Pfomega, Madboiv Wii) by ^^gntfcm 
with Ncvl anaKpnt The resulting 5664)p fragmcntwas dooed intoNcolrJ^mi' 
digested pCBanip to rcpiaoe its 289-bp fiagmcot F3^^ 
drawmg of plasaoidi pGI)NA3^ pCBan^ and pCffiamp. 

The DNA fragment containing the JEV codSng region m the i p^t ^iiiatt—t 
plasmid pCD]E2;7, derived fiin die iCI»<A3 vector, was esdKd 1^ 

otXbal <%cstion and ctenrd into die Jjl^it/M siMcf pCBvpOB; pCEP4 
( h i v itiogenX and pREP4 (bvitiDgea) and into die Sjtel-Noil site, of the jM 
RSV (Kawkn^) ca^pression vector to create pC8IEl*K pCmJE^ 
pREJE, andp^OE, i cspcOl v eJy. Bodi strands of the cDNA from each plasmid 
vector were sequenced^ and i r mnilwM i nt dooes with a conect nucleotide se- 
quence were i dent iS ed. Plasmid DNA for m vitro transfbnnadoo or mouse 

fieePl gmidM arikit(Qiqgen). 

IR^ Eiiacsaioo of JEV^pecifie gene products by the variout lecooaMBHit 
e nM c ssk iu plasmidi was evahiated by Imfirect immunofluorescence antibodf 
assqr (n\A) m the tiansiexd cacprcssioo ^em usn« COS-1, CDS-7, and SV-^ 
oelb. For transformation, celb were gro^ to 75% confluence in 150kin' cohme 
flasks, tiypsinired, and resuspended in 4^ phosphate-buff^^ 
final dco^ (tf 1 X 10^ to 2 X 10^ celhM Five btmdred miof^iters of cell 
suspension was then etectioporated with 10 ^of plasmid DNA, using a Bio-Rad 
Gene Pulser n set at 250 V and 960 |iF. Cdb were dOoted widi 25 ml of fresh 
medram after d ec ti o pmati oo and seeded into one TS-cm' flask. I^arty^eigbt 
horns after transfoimation, the mecfium was removed^ and die ceQs were 
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TATAbox Kpnl BamHI EcoRI EcoRV NotI 

FIG. Z Scfaanatie icprcseiitatioos of plasmid vedon pCDNA3, pCBamp^ and pOBamp. Tliese plasmidi fadode die CMV promcytci/cnbaDcar dement BGH 
polKA) agnal and tianscr^ptioD teiminatkm scqo^ 

oriforsmglc-strandcd rescoc m £ cofi cdh, SV40 cm, neomycin oodmg region 

pCBarop. An intnHi sequence was inserted in the NcohlQjnl site <A pCBamp to generate pClBam|)L Hie mnhi^ doni^g site for the msertioo of JEV genes, located 
between the TATA box of the CMV promoter/enhancer and BHG poty(A) she, is shown. 



tiTsinized and rcsoq>ended is 5 ml of PBS with 3% nonnal goat senim. Ten- 
mkioUler aliquotsof tbecensaq)cnsion were then spotted onto slides, air dried, 
and fixed with acetone at 4*C for 10 min. Immunofluorcscent mapping oftbeE 
proteitt-spectfic epitcypes was perfmncd using a pand of mmine monoclonal 
antibodies (MAbs) (15, 42, 55) and JEV-^}edfic faypermmnme moose asdtic 
fluid (HIAF). AO antibo^es were tested at 1:400 dihition in FBS. 

SekctioD of an in vilro-tnnsfiDnncd staUe cdi Hae constitetiTely expressing 
JEV-Bpccific gme prodoctaL COS-1 oefls tianrfonned with 10 iig of pCDJE2>7 
DNA by dectioporatioo were inoteted in nonsdedlve adtme medimn for 24 h 
and dien treated with neomydn (G418; 05 oigAol; ^gma^ G418-fcsistant ool- 
onfe3».whidi became visits alter 2 to 3 weeks, were doned by limited dthition ^ 
G418-containing metfimn. Eqxressioa of the JEV proteins was detennined by 
IFA using JEV HIAP. One IFA-positive (J&4B) and one IFA-negative (JE-5A) 
done were selected for further analysis and maintained in mcdhim containiog 
200 |ig of G418 per mL These stably transformed ceDs secreted ant^en In the 
fimn of EPS (A, Hunt and G. J. Qaa^ wipubBshcd dataX 
- Ant^ captarcEUSAfiDrdetectSoa of B protein scented into odlB^ 
TOeantfeencapemcELlSA^ a modMcatioo of the procedure despgied by Gnira- 
khooet aL (8X was used to detect E psoteio from transinitly tianslbnned cells 
or JE4B aihnre fluid. Flavivinis group^readive MAb 4G2 was used to capture 
the JEV aot%cos (7X llie 4G2<^tnred ant^en was detected o^ Iwisera 
F«raddase<oojogabd MAb 6B601 by bcobodoD for 1 h 37^ 
thiqr OB the solid pliase was detected widi S^'^^^tetrafDctb^nyeodcB^ 
SBbstiate (life Tcdtoo l ogies, Grand Ishn^KY.X the reacts 
the addition of 2 M HsIX)^ and the optical den^ was measmd al 450 mDL 

Mcvse cipcdmnts; Tfare»^layK)ld inixed«s or 3-^^ 
bred mice were vaociaated im with 50 or 100 fig of ptaotnid DNA at a cooccs- 
tiatioo of 1 |ig^ io PBS or s »b c4 rtii ieo usly (s^c.) with 1/10 or 1/5 of the adult 
buman dose of JEV AX (manufectnred by the Research Foundation for Micro- 
bial DiKase of Osaka Unrversiiy and distiibute d by Oo nnan^ Labor a tDries; 
SwUtwala, Pa.X The ddorampbciiiool a c fttyi t iaiufe rasc (CAl) protein c^tics- 
skn pbsmid ICDNA3VCAT (lovinsn) was used as die 
Selected groups of mice wm boosted 3 weeks later wHb an additiooal dose of 
plasmid vaodne or JEVAX Mk« were bled from die Rtio^ibitd sioas; seium 
samples were evahiated for JEV antawdjy by EUSA and Western bk)ttingus^ 
purified JEV and by PRNT 

Mice vacdnated at 3 days of age were chaOeoged intiq)entooedly (Lpi) 7 
weeks postvaocmation with JEV strain SA14 (50^ PFU/100 |U) and observed 
Ibr 3 weekSL To evaluate passive pro t e c ti on by maternal ant3)ody, pops were 
c^Maiaed Inm matmg of nonimiiiunized inates with irnmuni^ 
foDoning dieir vaccination with plasmid DNA at 3 tireeks of 8^ Pups were 
dtallenged by the Ip. route 3 to 15 days after birtb with SA14 yim ISflOO 
PFU/100 |U) and observed dafly for 3 weeks. PostdidleDge serum was coO^^ 
from survivors and tested for reactivfty with lEV aot^ens by EUSA and West- 
em btottii^ 



Scffdogical test& Postvacdnaticm and postdiallenge scrum saistnes were 
tested for the ability to Uiid to purified JEV by EUSA, nentralire JEV infeclirii^ 
by PRNT, or recognize JEV proteins by Western Uot^ (12; 41, 48). The P]^ 
assay was performed by incubating --200 PFU of SA14 virus in 100 |il of 
Dulbeooo's modified Ea^ mctfium cootaimng 5% bovine serum albumin and 20 
mM HEPES bufiier (pH &0) with serial twofold dButions of serum spedataa, 
started at IdO; in 100 pi of the same buffer in 96-wdI trays at 4*C overnight 
Serum spedmens were heat Inactivated at 56^ for 30 intn before use. Duplicate 
lOO'pl aK q pot s w ere assayed for infective virw by pteqpefonnatioii on Venice 
monrfaycrs; The pcwcnt plaqfae rednctjoa was cakolatcd relative to vin» coik . 
trobwiflwut serum. Titers were caressed as the l ec lp io cd of serum ditotions 
yiddiog a 90% reduction in plaqbe number (PRNTmJl 

RESULTS 

EBIect 1^ the jHlfiDiotar aiid pd^) sig?^ 
JEV ihtM and E protein caq^ressli»i» Four eukaiyotic cell ex> 
pression plasmids that oontained the JEV codh^ rc^jon €x* 
tending from graomie nt 390 to nt 2478'were oonstrvcted This 
regicm of the genome «coded the prM and B genes; The 
Kozak sequence for the enkaiyotic translation Initiation site 
(underlined) of «9 to +4, GCCGCCGCq^ISSO, at the 5' 
tenninm (2» 25, 26^ 27) and the in-frame translation tennbat 
km sequence at the 3' teiminus ci €2>NA were incoipOTated 
direct^ into d^NA by RT-I^ using viral as a tCT^ 
Transcriptira of the JEV genes in plasmid pCDJBZ-7 was 
coDtroDed by the human cytomegalovirus (CMV) eariy lA 
gene promotei/enhancer. The resulting mRNA is terminated 
and stabilized by a bovine growth hoimone (BGH) transcr^ 
ion terminates and a poly(A) s^al, respectively. The tran- 
scriptional control elements in pREJB were replaced by the 
Rous sarcoma virus (RSV) long termioal repeat promoter and 
SV40 poly(A). Ihe pCElE and pRCJE plasnuds contain CKfV 
phK SV40 poly(A) and RSV phis BGH poly(A), reqjectively 
(Table 1). 

To determine the influence of the promoter and poly(A) 
elements on JEV prM and £ protein expression, recombinant 
l^asmids pCbj£2-7» pCEJE, pRCJE» and pREJE wm ini- 
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TABLE i . Transient expression of JEV prM aod £ i»oteiDS by various iccominoaiit plasmids in two tnmsfonned cell fines 













ReoombiDant • 
plasmid 


]FA.ioteisi9/%] 




Name 


IVoiDOter 


intron 




On 


; COS-1 


OOS-7 


pCDNA3 


CMV 


No 


BGH 


SV40 


pCDJE2-7 


3+/40 


3+/35 


pCBsjnp 


CMV 


No 


BGH 


No 


pCBJEM4 


3+/45 


ND 


pCIBamp 


CMV 


Yes 


BGH 


No. 


pOBJESU 


3+/39 


ND 


pCEP4 


CMV 


No 


SV40 


OriP 


. pCEJE 


2+/4 


2+/3 


pREP4 


RSV 


No 


SV40 


QriP 


pREJE 


1+/3 


1+/2 


pRcfRSV 


RSV 


No 


BGH 


SV40 


pRCJE 


1+73 


H-/3 


pCDNA3 


CMV 


. No 


BGH 


SV40 


PCDNA3/CAT 







' Various cdl Unes were transfonDcd -mih pCDNA3/CAT (negative contn^, pCDJE2^7, pCB)El-14, pCIBJES14, pCElE, pRElE, or pROR CeDs woe ttypai^xed 
48 h later and testied by. IFA with JEV HIAF. DaU are presented as tbe intensity (scale of 1 to 4'i>) and percentags of IFA-positivt ceDs. pCDNAa^T-traasfonsed 
were used as the negative contioL ND^ not detennniedL ' 



tially tested for the abiUty to express JEV prM and E proteins 
following transformation of various manunalian cells. COS-l, 
COS-7, and SV-T2 cells were transiently transformed with 
equal amounts of pCDJE2-7, pCEJE, pRCJE> or pREJE plas- 
mid DNA. Tbe SV>T2 ceU line was exchided from further 
testing after preliminary results showed that less than 1% of 
. pCDJE2-7-tFansformed SV*T2 cells were eyressing JEV an- 
tigen. 

JEV antigens were expressed in COS-1 and COS-7 cells 
transformed by all four recombinant plasmids, thus coniinning 
that the CMV or RSV promoter and BGH or SV40 poly(A) 
elements were functionally active. However, the percentage of 
transformed cells and the level of JEV antigens expressed, as 
determined by the number of IFA-positive ceUs and IFA in- 
tensity, req)ective]y, differed significantly (Table 1). A signifi- 
cantly higher percentage of pCDJE2-7-transfora]ed COS-1 
cells expressed JEV protems with greater IFA intensity at a 
level equal to that observed with JHV-infected cells. Cells 
transformed with the pCEJE, pREIE, or pRCIE vector, on the 
other han(^ showed a lower percentage of antlgen-e3q)ressing 
ceUs as well as a lower IFA intensity. Vectors containing the 
CMV promoter and BGH poly(A) were selected for further 
mialysis (Fig^ 2). 

. To determine whether the enhanced expression of JEV 
proteins by the pCDJ£2-7 vector was influenced by the SV40 
ori, we constructed the pCBJEl-14 vector in whidi a %166-bp 
. fragment containing the fl oii, SV40 ori, neomycin coding . 
TC^tm, and SV40 p^A) elements was deleted A cinmerie m- 
tnm was then iDserted into pCBJ£i-i4 to generate pCIBJES14. 
Flasndd pC3BIES14 was used to detenniDe whether the ex- 
pression of JEV proteins could be enhanced by an intron 
sequence. FoDowing transformatioD, both pCBJEl*I4 and 
pCIBJESI4 vectois resulted m cells esqpresang levels of JEV 
ivoteins stmDar to that observed with tbe pQ:>J£2-7 vector 
(Table 1). These results indicated that expression of the JEV 
proteins was influenced only fay the transcriptional regulatoiy 
elements encoded in tbe recombinant plasmid Neither the 
SV40 Off! nor the intron sequence enhanced JEV protein ex- 
presskm in the cells used 

Epitope mappiiig i^E protein expressed by a sCabty trans- 
formed cell Une constitutively expressing JEV-spedfic gene 
prodocts. Authenticity of the JEV E protein eaqpressed by the 
JE-4B done was dmonstrated by epitope mappmg by IFA 
using a panel of JEV &qpecific murine MAbs. JEV HIAF and 
one irrelevant mouse asdtic fluid were used as positive and 
negative antibody controls^ respectively. Four JEV-specific, six 
fiavivirus subgroup-^jedfic, and two flavivirus group-reactive 
MAbs reacted similarly with the 4B done and with JEV-in- 
fected COS-1 cells (Table 2). 



Detection of JEVEfHrotein secreted 1^ the JE-4B C6S-1 ceD 
line. An antigen capture ELISA, employing flavivirus group- 
reactive, anti-E MAbs 4G2 and 6B6C-1, was used to detect 
JEV E proteins that were secreted into the culture fluid by the 
COSrl cefl dcme JE-4B. Antigen could be detected in the 
culture fluid the first day following seeding of the cells with 
maximum EUSA titers that ranged from 1:16 to 132. 

Comparison of inminne responses in mice vaccinated with 
pCDJE2-7 genetic vacdne and JEVAX. Plasmid pCD JE2-7 was 
used as a nucleic add vacdne to induce an antibody response 
in mice by immunizing groups of five 3-week-oId female ICR 
outbred mice. Mice were bled at 3, 6, 9, 23, 40, and 60 weeks 
after immunization, and antibody titers were determined by 
ELISA or by PRNT. As expected, sera from animals in the 
p<n>NA3/CAT control group did not contam JEV antibody. 
AD animals immunized with pCDJ£2-7 and JEVAX serocon- 
verted by 3 weeks after the first vaccination (TaUe 3). Hie 
antibody titers were similar irre^>ectiye of the number of doses 



TABLE Z ^ope mapping of E protein expressed by JE4B, 
a pCDJE2-7 stably transfoiiaied done of COS-1 cells» 
with JEV-reactive antibodies 







1 activity- 


IFA jptcosity 


MAbor 


ofMAb 


of cells 




antisenuD 


^jecffic^y 


KologM 
■ ftnctioo ' 


•JEV 
meciea 




MAbs 










MC3 


JEV specific 




2+ 


2V 


2F2 


JEVspcaSc 


HIN . 


4+ 


4+ 


112 


JEVspedSc 




4+ 


4+ 


5CD 


JEV specific 


N 


4+ 


3+ 


109 


Subgroup 


m 


; 2+ 


1+ 


N.04 


Snbgroi^ 




3+ 


4+ 


201 


Sob^oup 




1+ 


1+ 


203 


Std>group 




4+ 


3+ 


204 


Subgroup 




2+ 


2+ 


301 


Subgroup 


HI 


2+. 


2+ 


504 


FlavMrus 




4+ 


4+ 


6B6C1 


Flavivirus 




24^ 


2+ 


3B4C4 


VEE 








HIAF 










Anti-JEV 






4+ 


3+ 


Anti-WEE 











PBS 



'VEE, V etiCTuel a n eqube enccfAalaniycUtis viros; WEE, Weston equ i ne 
eoocpbatoniycfitB vin& negative. 
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TABLE 3. Penistenoe of tbe immmie xesixnise in inioe (five per group) inmiimized with pCDJE2-7 or JEVAX 



iDocuiaiMMir 






EUSA titer Oosio) 








PRNT50 titer 






3^ 


6 . 


9 


23 


40 




3 


.6 


9 


pCbJE2-7 
1 dose 
2dopes 


Z6-3.2 
26-3.8 


3.8-5.0 
4.4 


3.8-4.4 
3.8-4.4 


>3.2 
>3.2 


>32 
>32 


2.4,24,3.8,4.4 
2.6, 3.8, 3.8 


<20 
<20 


20 
20^ 


40-160 
40-160 


JEVAX, 2 doses 


16-3.8 


4.4-5.0 


3.8-5.6 


>32 


>32 


<2, <2, <:2, 4.4 


<20 


2(M0 


20-160. 


I3CDNA3/CAT,2doscs 


<100 


<1(W 


<100 


ND* 


ND 


. ND . 


<20 


<20 


'<20 



* Week» postimmunizatioo. 
'Indivklu^ serum titeiSL 
'ND, not detcnnined 



dose of JEVAX. 



of pCDJ£2-7 or JEVAX given. Mouse serum samples col- 
lected 9 weeks after immunizatioo were also tested ty Western 
blotting using purified JEV. Senmi specimens from DNA- 
vaodnated mice, which had redctivity simflar to that of JEV 
HIAF, detected E and prM proteins (Fig. 3). However, mouse 
serum from JEVAX-immunized mice reacted only with E pro- 
tein. (Sparable EUSA antibody titers were maintained in 
DNA*vacdnated groups for up to 60 weeks, at which time the 
e^>enment was terminated. Only one of four mice in the 
JEVAX group remained JEV antibody positive at 60 weeks 
postinoculation. These results demonstrated that one dose of 
J£V-^>ecific nucleic add vaccine was more effective in main- 
taining JEV antibody levels in mice than the commercially 
available vacdne JEVAX. 

. Comparison of various nndeic add vaccine coBstmds and 
JEVAX for ability to induce JEV-reactive antibody in different 
age groups of mice. Similar amounts of JEV protein were 
expressed by COS-1 cells transformed by either pCDJE2-7, 
pCBJEl'14, or pCIBJES14. JEV antibody induction by these 
nucleic add constructs was compared to results for JEVAX in 
two different age groups of mice. Hiree-day-old mixed-sex or 
3-week-old female ICR outbred mice, 10 per group, were vac^ 




FIG. X JEVspedSc readiwiy of prerfjalteny smA pftyfr^npyi>ef smna ram- 
|iles obtained fion mice mmmniEed witii DNA vacdne or JEVAX Serum 
specimens ooOected from the mice used m the C3q)enmeiit^ 
3 and 4 were ra&dpmiy selected and tested at 1:1,000 dihition by Westen bloc 
analysis using purified JEV as tbe antigen. pCDJB2*7bM was tbe serum from 
one of die mice chaDengcd at 4 da)« of age (Tabic 4). NMAF, 4C2-AF, and JEV 
HIAF were the mouse ascitic flu^ xochided as ncnmal mouse; E>^edfic; and 
JEV hyperimmune controls, respective^. 



dnated ijn. with 50 or 100 |ig of plasmid DNA or s.a with 1/10 
or 1/5 of the adult human dose of JEVAX, lespectively. Se- 
rimi specimens were collected at 7 weeks after immuniza- 
tion and tested at 1:400 or 1:1,600 EUSA. Ninety to 100% 
of all 3-week-old mice that received pCBJEl-14, pCDJEZ^T, 
pC3BJES14, or J^VAX had antibody titers of ^l:l,60a How- 
ever, a significant difference in antibody re^nse was observed 
in Bnday-old groups that received various vaccines. None of the 
3-day-old JEVAX-vacdnated mice had antibody titers hij^er 
than 1:400. All 3-day-old mice vaccinated with pCBJEl-14 
had antibody titers higher than 1:1,600. Seroconversion of 
100% was observed at 1:400 in 3-day-old mice that received 
pCDJE2-7 or pC3BJES14, but only 60% of both mouse groups 
were positive at 1:1,600. pCBJEl-14 was the most effective of 
three DNA constructs tested. The minimum dose of this DNA 
construct capable of providing 100% seroconversion (1:400 by 
EIJSA) by ijn. immunization in 3-week-old mice was deter- 
mined to be 25 |tg (data not shown). 

ProtectlTe immunity confmred the nuddc add vacdne* 
Mice immunized at 3 days of age were challenged by the Lp. 
route at 7 weeks postvacdnation with the SA14 strain of JEV 
(50,000 PFU/100 ^i) and observed for 3 weeks. One hundred 
percent of the animals that received various nudeic add vac- 
dne constructs were protected. In contrast, only 40 and 30% of 
mice that received JEVAX and pCDNA3/CAT, respcCtivcfy, 
survived virus challenge (Fig. 4). These results suggested Uiat 
the DNA vacdne could be eifective as a neonatal vaccine. In 
ccmtrast, JEVAX was not as effective in neonatal anlmaK 




7 8 



. I 1 1 I I 1 . 1 I I , . 
0 10 11 12 13 14 IS 16 17 18 19 2D 21 

Day posMkaDeng* 



FIG. 4. PftstrfiaHrnge smviyal rates of mice (10 per groop) that wm hmm w 
nized widi pCDJE^T, pCBim-14, pCIBIES14^ pcDNA3/CAT, or JEVAX at 3 
days of age and cfaaDoisBd Lp. widi 50000 FFU of JEV (SA14) 7 weeks postim- 
munization. A F vabe of a003 was obtamed by Fidiei^ canct tcrt wfaea the 
smvival rate of the JEV DNA4mnmnized groups was eonpaied witti that of die 
pcDNAa/CAT or JEVAX gioup. 
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TABLE 4. Ability of matema] antibody from JEV nudcic acid* 
vaccinated female mice to pjotect their pups from fatal J£ 



Vaocbatcd moth 


tar 




JEV-ctoncngpd pops 




Vacdbe 


PRNT90 




No. of 
suivivoig/ 
tot^ in 
litter 


Avg 
survival 

time 
(days) 


EUSA* 


1 XpCDJE2-7 
2XpCDJE2-7 

2 X JEVAX 

2 X pCDNAa/CAT 


40 
80 
20 
<10 


4 
4 

3 
5 


G/ll 

(VI6 

<V14 


5.27 
NA' 
4.75 
4.00 


12/12 


1 X|>d>JE2-7 

2 X pCDJE2-7 - 
2X JEVAX 

2 X pCDNA3^T 


20 
40 
80 

<10 


15 
14 
13 
14 


5/11 
8^2 
5/5 
(V14 


10.0 
13.75 
NA 
6.14 


5/5 
7/8 
5/5 



' Mice were inocolated Lm. with cme or two 100>|ig doses of pCDJEZ-? DNA 
or twice s.& with ooe-fiftb of the adult bmoan dose of JEVAX. Scium samples 
were ccrflected 9 weeks p ost v acci na tiop fbr PRNT testing prior to matiiig with 

^Number of JEV EUSA antibodjf-positive animals (titer % l:40D)Amnte of 
su i v i v ois. Sesmn sp ec imen s were collected for testipg 12 weeks after cbaDenge. 
'NA,noCappUaUe. 

Passive protection of neonatal mice correlated ^th the ma- 
tornal antibody titer. Female Srweek-old ICR mice were vac- 
cinated with one or two doses of pCDJE2-7 plasmid DNA (100 
|ig/l(X) or twice with one-fifih of the adolt human dose of 
JEVAX. For evaluation of passive protection by maternal an- 
tibody, pups were obtained fitMn matings of experimental fe- 
males with nonimmunized male mice. Pups were challenged by 
the Lp. route at 3 to 5 or 13 to 15 days after birth with SA14 
virus (5,000 PFU/100 jU). Survival rates and average survival 
time correlated with the maternal neutralizing antibody titers 
(Table 4). One hundred percent of pups nursed by mothers 
with a PRNT of 1:80 survived viral ii^ection regardless of the 
type of vacdne received by the mothers. None of the pups from 
mothers which received pCDNA3/CAT plasmid DNA snivived 
(Table 4). Partial protection (45% [5 of 11 pups] to 67% [8 of 
12 pups]) was observed in older pups that were nursed by the 
mothers \^di had serum PRNT titers of 1:20 and 1:4^ re- 
spectively. However, none of the 3-day-old pups survived virus 
cfaaDenge when the mothers had a serum PRNT titer kA 1:^ or 
1:40« Maternally transferred antibody can only l)e detected in 
the circulation of the young mouse up to 40 days after birth. An 
sq)predable level of maternally derived antibody is maintained 
In the circulation of the young mouse 24 d^ or more post- 
partum (1). JEV ELISA aotiody detected in the serum of 
^% (29 of 30) of the postcfaalMge pups at 12 weeks aft^ 
vims cfaaUenge was unlikely to be residual mateniaDy tians- 
fened antibody. The presence of JEV antibody in the surviving 
pups diallenged at 3'to 4 or 13 to 15 d^ of age strongly 
suggested that maternal antSxKiy did not i»xmde steriHzing 
innnunity to the pups. It also indicated that 3- to 4- or 13- to 
15-day-<dd mice could mount an immune reaction to a live- 
virus challenge. Partial protection in older pups could be ex- 
plained by t^ oi^>ortunity to Mxrumnlate a large quantity of 
passive antibody due to the length of nursmg tune before diaK 
leoge. One randomly selected postchallenge serum sample also 
reacted with prM and E proteins by Western blotting ^g. 3). 

DISCUSSION 

The flavivims vnrion contains a capad protein (C), a mem- 
brane protein (M), and an E protein. The prM MAbs, exhib- 
iting weak or undetectable neutralizing activi^ in vitro^ can 



provide passive protection following DEN2 virus challenge 
(16). However, the £ protein plays a dominant role in gener- 
ating neutralizing antibodies and providing protective inunu- 
nity in the host. Passive transfer of JEV E-spedfic neutralizmg 
MAbs has been shown to protect recipients from JEV-indnced 
fatal encephalitis (3, 16, 32, 55). Antigenic and structural anal- 
ysis using various panels of MAbs has shown that most of the 
E protein epitopes that eltdt virus-neutralizing antibodies are 
conformational^ dependent (9, 40). Coexpression of both pro- 
teins as type I transmembrane proteins is essential to mamtain 
proper E conformation and prevent the E protem fttmi under- 
going irreversible, low-pH-catalyzed conformational dianges 
(8-10, 19, 50). A 2-kb genomic region, from the internal signal 
peptide at the caiboxyl terminus of C to the transmembrane, 
domain at the carboxyl terminus of the £ gene, is essential Uxt 
expressing authentic proteins. These authentic prM and E pro- 
teins are able to self-assemble into virus-like particles in cells 
infected by either recombinant vaccinia virus or alphavirus 
vector or in cells transformed by recombinant plasmid DNA (4^ 
19, 22, 48; Hunt and Chang, unpublished data). 

A gene cassette inchiding the elements listed above was 
amplified from SA14 virus \rj RT-PCR in the present studjy. 
Optima] sequence composition surrounding the translatkm ini- 
tiation site (-9 to +4) was incorporated into the 14DV398 
amplifying primer (2, ^5, 27) (Hg. 1). Recombmant plasmids 
containing the CMV early gene promoter/enhancer and the 
BHG poly(A) terminator as transcription regulatoiy elements 
expressed JEV proteins with the highest efficiency in three 
different cell lines. Protein expression and the serological re- 
sponse of mice immuiiized with DNA vaccine were not influ- 
enced by the presence or absence of the SV40 on or an intnm 
sequence in recombinant plasmids. Virus-specific proteins, se- 
creted into culture medium, could be detected by antigen cap- 
ture ELISA as early as 48 h after plasmid transformation (data 
not shown). The authenticity of the E protein produced by the 
pCDJE2-7 stably transformed cell line, JE-4B, was demon- 
strated by MAb epitope mapping. 

Vaccine potential and characteristics of various eukaiyotic 
plasmids that egress flavivims prM and E proteins are sum- 
marized in Tables 5 and 6. All constructs listed had the same 
transcriptional control elements and similar viral gene cas- 
settes. DEN2 plasmid, which contains prM and 91% of E, is 
the only exception (Table 6). The JEV DNA vaccine rq>orted 
in this study b the only construct that stimulated complete 
I»otective immum'ty in mice by a snq^e dose of vacdne giveo 
by the Lm. route (Table 5). Sequ^ices snfrounding the trai»> 
latkm initiation site and the conqposition of the si^oal pq>tide 
preeeding the prM protefai are the two major diffierences 
among the constructs that may ocmtrflrate to increiEiang the 
vacdne potential .of our construct (Table 6). Conserved fea^ 
tnres of the sequences which flank vert^>rate tran^tion ini- 
tiaticm sites indude a strong preference for purine at the -3 
podtion; a hi^gber frequency of G at positions -9,-6,-3, and * 
+4; and a preference for A cxr C at positions -5, —4, -2; and 
-1 (2). Instead of the sequence used in previous pubfications^ 
the sequence used in our construct was -9 * GCOGCOGOC 
ATGG, wUcb fits the g^eial criteria listed above. Ahboqgh 
less than 1% of eukaryotic mRNA sequences cshibit this se- 
quence, the experimental data have suggested that this se- 
quence provides enreptionally high levels of translation poten- 
tial (2, 26). 

Signal peptides determine translocation and orientation of 
inserted protein, hence the topology of prM and E. Signal 
peptide differences in our plasmid construct may account for 
the effident translocation and correct topology, thus increasiog 
prM and E secretion. A machine^leaming program usii^ neo- 
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TABLE 5. Vaodne potential of various eukaiyotic itoimds'tbat expitss flavivinis prM and E protdnsf 



Tins 


In vitro 
sccTctmi 
of EPS 




Ijnnnmizatjoii 




Protect ion from 
vims cfaaDcnge 


Reference . 


Dosage 


Routc/ioetbodi 


Neutralizing antibody^ 


JE 


Yes 


25-100 |tg X 1 




Yes (1:20-1:16090%) 


100% 


Thisreporr 




ND 


100)igX2 


ijn^eedle 


No 


Partial 


30 




ND 


10-100 |ig X 2 


ijn. or i.d/oeed]e 


Yes (1:10-1:2050^) 


100% 


24 


KIVE 


Yes 


100)&gX4 


Lm^eecfle 


ND 


Partial 


4 




Yes 


l-2jigX2-4 


Ld/geoe gun 


Yes (80-32050%) 


100% 


4 


SLE 


ND 


100|igX2 


ijn^eedle 


No 


Partial 


38 


CEE 


ND 


l|igXl-2 


LdVgene gun 


Yes (1:100-1:1,600^%) 


100% 


49 


RSSE 


ND 


l|AgXl^2 


Ld/gene gun 


ND 


100% 


49 


DEN2 


ND 


200figX3 


id/oeedle 


Yes (1:10-1-32056%) 


None 


17 



' MVE; Mmragr VaDey encephalitis; CEE» Central European enccphalids; RSSE» Russian sprins^nnuner encephalitis; Ld, ino^tdennal; ND, not done. 
* Plaq^ rednctioD neutralizatioD titer followed by pescentag^ 



ral networks trained on enkaiyotes (SignalP-NN at http'^Avww 
.cbs.dtn.dk^rv]ces/) was api^ed to test tbe efficiency of the 
prM signal peptide sequence tn tbe different plasmid con- 
structs (34) (Table 6). The most probaUe location and orien- 
tation of transmembrane helices in the prM-E protein were 
then determined by a hidden Markov model-trained computer 
program (6 [TMHMM at http://www.cbs.dtii.dk/services/]). 
SignalP-NN searches correctly predicted the signal peptidase 
cleavage site of all constructs. However, a considerable differ- 
ence in cleavage potential (C score, between 0.578 and 1.000) 
was observed (Table 6). Qeavage potential differences may be 
influenced by the amino add composition and length of the h 
region in various constructs (44). 

The TMHMM program correctly firedicted five transmem- 
brane helices encoded ni the prM-E protem. Sig^cant differ- 
ence in the probable orientation of the first transmembrane 
helix was observed in three JEV constructs (Fig. 5). In our 
p€DJ£2-7 construct, the first 12 amino acids of the n region 
form a short loop in the cytoplasmic side that causes the fol- 
lowing h region (transmembrane helix) to be inserted in a taD 
orientation. Secretion of JEV protein could be detected by 
antigen capture EUSA in pCDJE2^7 transient expression 
stndies in which less than 5 % of the cells were positive 1^ IFA 
(data not shown). Thus, there is a high probabihty that prM 
and E proteins expressed by pCDJE2p7 would be expressed in 
the correct orimtation, as type I transmembrane proteins (Fig. 
5A)l There is also a high probability that the prM protein of 
pcDNA3JEME could be e^qxressed as a type £1 membrane 
protein with its transmembrane h regkm inserted in a head 
mmtation because of the absence of positively charged ammo 
acids in its n regioD (JFig. SB). Efficient protein ^the^ in 



conjunction with correct topolc>gy of expressed prM and E 
(Fig. 5A) would most likely enhance £P fonnatioii and 
tion in transformed cells. 

Another chaiacteri^ that could e3q>Iain the excdlent vac- 
cine potential of our JEV construct is its ability to produce EPs 
which have a virus-like polymeric structure that enhances an- 
tigenic stabiHty and provides a high-density presentation to 
antigen-presenting cells, such as macrophages, dendritic cells, 
and Langerbans cells (5). When DNA is given by the Lm. 
route, the majority of antigen is expressed by non-antigen- 
presenting muscle cells. The efficacy of a DNA vaccine is there- 
fore dependent on transfection of antigen-presenting cells or 
to reprocessmg of antigen derived from other cells. Musde 
cells transfected by our construct could conceivably synthesize 
and secrete EPs, which are highly immunogenic and have been 
shown to elicit good cellular and humoral refuses (22, 23). 

Genetic JEV vaodne that induced a completely protective 
immunity in neonatal mice and a maternally transferable pro- 
tective immunity in young adult mice by. a single ijn. immuni- 
zation was demonstrated in this study. Additional studies are 
planned to address the effectiveness of a DNA vaodne in 
overcoming the potential influence of maternally transferred 
flavivirus antibodies on the induction of JEV antibody in neo- 
natal mice. 

ImmuniTation of pigs is a theoretical means of interrupting - 
transmisrion and amplification of JEV and thereby preventing 
human infections (43). Ihe JEV DNA vaccine. cduld abo be 
used as a vetermaiy vaccine in pregnant sows to prevent JEV- 
tnduced stillbirth and abortion (51, 53). Maternally tranderred 
antibodjy^ could also interrupt piglets as the JEV-amplifymg ' 
host and thus reduce human infectioa 



TABLE 6l Oiaiktensticsctfvarioaseidkaiyoticpiasmi^ 



Vims' 


Flasmid 


JB 


pCDJE2>7 




pIME 




pCDNA3JEME 


MVE 


pa>NA34JrM-E 


SLE 


pSLEl 


DEN2 


P1012D2ME 


TBE 


SV-PE^ 


RSSE 


pWRG7077 


CEE 


pWRG7077 



Sequence smromdin^ 
translation initiatioo site 



Anioo acfab |veocdbis pAA pfotdbn^ 



A ^ _ ^9 _ • 

pottDtH pjfai^jiUA 
{Ctaaty 


Yes (0921) 


This icpoit 


Yes (0578) 


30 


Yes (0.921) 


24 


Yes (0.819) 


4 


Yes (0.709) 


38 


Yes (0.646) 


17 


Yes (1.000) 


48 


Yes (0.762) 


50 


Yes (0.609) 


50 



-9»GCCGCCGCCaTOG»-l-4 

-9»GGCTC3UiTCATOG- +4 

-9»QAATTCACCaTGG»+4 

-9»TGATTTC3UUiTOr»+4 

? 

? 

-9»GCGGCCGCC3iTOG • +4 
-9 •GTAGACAGGiiTGG* +4 
-9*ACX;GACAGG2kTGG* +4 



NGSKQmBOGNBGSIMNLASIAVVIACAGA /HKL 
MWLASLAWIACAGA /HKL 
MN56SIMHLASLAVVZACAGA /MXL 
MSKXSOGSBTSVIMVIFMLIGFAAA /LKL 
?IOTIllSRPSXiaeGGTRSLL6IAALIGLASS /LQL 
?AGMIINLIPTVMA /FBL 
MVGI^KRGKRSSATDNNSWLLVITLIiGMTIA /ATV 
' MGWLLVWLLGVTLA /ATV 
MSWLLVITLLGMnA /ATV 



* Abbieviations are as given in TaMe 5^ footnote a. 

^ Sqgle amino add code. Positively charged amino ackl is xncScated by boU letter. Signal pqitidase deava^e site 0 mdkated by /. 
' Cleavage potentid of s«nal peptide (S^ pmScted by S«naIP-NN at ht^Avinrxbs.dta jdkAeivxxs (34)i: 
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FIG. 5. Oi2ipbSc fq a tsci rt adoii^ geaented by dbe TMHMM jvogiao^ i&d^ 
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Field studies of baDtavinis infection in rodents report tliat a higher percentage of infected indiridnals are 
males tlian females. To detenaine wliethcr males were more susceptible to hantavirus infection than females;, 
adult male and female Long £vans rats {fattus nomgfeus) wm inoculated with doses of Seoul vims ranging 
from 10''^ to 10^ PFU. The 50% hifective doses (ID^ were not significantly different for male and female rats 
(IQC^^ and 10^ PFU, respectively). To detcradne whether sex diffmnces in response to infection were rdated 
to circulating sex steroid hormones, sex steroid omcentratioos were manipulated and antibody responses and 
virus shedding were assessed followii^ inoculation with the ID^ Regardless of hormone treatment, males had 
higher anti-Seoul virus immunoglobulin G (IgG) and IgG2a (i.e^ Thl) responses than females and IgGl (Le^ 
Th2) responses similar to those <tf finales. Males also shed virus in saliva and feces longer than females. 
Manipulation of sex sterdds in adulthood did not alter immune responses or vims shedding^ suggesting that 
sex steroids may organize adult responses to hantavirus earlier during ontogaiy* 



Hantaviruses are negative-sense RNA viruses (family Bunya- 
viridae) encompassing over 20 different viruses that are each 
carried by a different host spedes, with rodents serving as the 
primary reservoirs (18). Field surv^ of several rodent spedes, 
including brush mice, deer mice, harvest mice, bank voles, and 
cottcHi rats, indicate that males are more commonly infected 
than females (4, 8, 11, 19, 20, 27). Because these studies used 
serology to determine hantavirus infection, sex differences in 
infection could reflect either a lack of infection or the absence 
of sustained antibody production in females. Experimental in* 
oculation of female rodents with hantavirus, however, iUus- 
trates that females produce long-lasting, detectable antibody 
(22). Alternatively, sex differences in hantavirus prevalence 
may r^ect differences in endpcrine-hnmune interactions (15). 
The extent to which sex steroids affea immune le^nses 
against hantavirus infection has not been examined. 

In contrast to other rodent ^des, sex differences in han- 
tavirus prevalence have not been reported consistently among 
natural populations of Norway rats. Amoi^ adult rats, how- 
ever, males (90%) tend to be infected with Seoul virus more 
often than females (75%) (7, 10). Seoul virus is liypothesized to 
be transmitted via woumfing; and adult male rats are more 
likely to be wounded than dther females or juvenile males 
. (10). Ihus, sex differences in hantavirus prevalence may reflect 
coax^ interactions between behavior and pfayaology. The 
first goal of this study was to control lor sex diffidences in 
exposure and determine whether males were more snscq>tib]e 
to hantavirus infection than females. At 70 to 80 d^ of age, 5 
to 10 male and 5 to 10 female Long Evans rats {Rostus mnve- 
ffcus) were inoculated with dther 10"*, 10"^ 10"^ 10?, 10*, or 
10^ PFU of Seoul virus (strain SR-11) suq)^ed in 0.2 ml of 
Eagle minnnmn essential medhim (with Earle's salt^ Meditadi 
Cellgro, Va.). Seoul virus was obtamed from the VJS, Amy 
Medical Research Institute of Infectious Diseases (Ft Detrick, 
Md.X where the virus was Kolated from neonatal rat brams and 
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passaged fonr times in Vero E6 cells. Blood samples were 
obtained from each animal prior to infection and then 10^ 20, 
30, and 40 days postinoculation under anesthesia with me- 
tho^flurane vapors (Metofane; Schering Ploughs Union, N J.). 

Plasma was used to detect anti-Seoul virus immunoglobulin 
G (IgG) using an enzyme-linked immunosorbent assay in 
which microtiter plates were coated overnight at 4^*0 with gam- 
ma-irradiated Vero E6 cells infected with Seoul virus or gam- 
ma-irradiated uninfected Vero £6 cells dihited 1500 in car- 
bonate buffer. Thawed plasma samples, as well as positive 
control samples (i.e., pooled plasma from rats previously de- 
termined to have anti-Seoul virus IgG) and negative control 
samples (i.e., pooled {^asma from Seoul virus-naive ratsX were 
diluted 1:100 in phosphate-buffered saline (PBS)-Tween 
(PBS-I) with 2% fetal bovine serum and added in duplicate to 
antigen-coated weOs containing either infected or uninfected 
Vero E6 cells. The plates were sealed, hicubated at 3TC tor 
i h, and washed with PBS-T, and secondary antibody (Knke- 
gaaffd and Peny Laboratories, Gaithersburg^ Md.; alkalme 
pho^hatase-conjugated anti-rat IgG [heavy plus light chains], 
horseradish peroxidase^njugated anti-rat IgGl, or horserad- 
ish peroxidase-conjugated anti-rat IgG2a diluted 1:400 in FBS 
with 2% fetal bovine serum) was added. Ihe jdates were re- 
sealedl, mciibatedfor 1 h at 37X; and washed with raS-T, and 
snbstrate buffer (03 sig of ^nitro|Aenyl phoqiAate per ml 
dihited in dkthanolamine substrate buffer for alkaline phos- 
phatase reacticms or tetramethyibenztdine for horseradish per* 
oxidase reactions) was added to each weD. Plates were pro- 
tected from light dnrn^ the en^me-substrate reaction, wbidi 
was termmated after 30 to 45 nun by addmg IS M NaOH to 
eadi wen for alkaline pho^hatase reactions or 2 N H3SO4 to 
each weO for horseradish peroxidase reacticms. The optical 
density (OD) was measured at 405 nm for alkaline phospha- 
tase reactions and 450 nm for horseradish perooddase reac- 
tions, and the average OD for each set of unbifected Vero E6 
duplicates was subtracted from the average OD for each set of 
infected Vero E6 duplicates. Samples were considered positive 
if the average adjusted OD was ^0.100. To mmimiTfe intra- and 
interplate variability, the average adfusted OD for each sample 
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Inoculation Dose (pfu) 

FIG. 1. AiaSMf prcvakoce amone intact male and female rati mocnlated 
wilb dthcf Hr*, l(r» l(r» lO*. icr; or lO^ FFU of Seoul vfroL Data are 
presented as peiccntages of mdividDab producing detectable antftodjr (le, ad- 
justed average OD 2 0.100) against Seoul vims by day 40 postiDociilatkMV inth 
the fitted l^istic regression cmvcs for both males (solid Itoe) and females 
(dashed Knc) inchided. Equal percentages of males and females ac ioaw w ci tc d in 
leqxmse to each dose of Seoul vims (p > OQS in each case). 



was expressed as a percentage of its plate-positive control OD 
for statistical analyses (9). 

Antibody prevalence (i.e., the number of animals with de- 
tectable anti-Seoul virus IgG) by day 40 postinoculation was 
compared between males and females using chi-square analy- 
ses. Antibody prevalence was assessed 40 days after inocula- 
tion because previous studies illustrate that hantavirus-^>ecific 
antibody is detectable 15 to 30 days postinocnlation (7, 14, 22). 
Antibo^ (nrevalence did not differ between males and females 
at any of the six doses of Seoul vims (P > Logistic 
regression was used to onnpare the infective-dose (ID) curves 
and eslhnate the 50% ID (ID50). The ID50 did not differ 
significantly between males (mean ± standard deviation, 1.1 ± 
2.0 PFU) and females (7.6 ± ZQ PFU) (Rg. 1). 

Although the prevalence of males and females that became 
infected did not differ, studies of other viral infections suggest 
that patterns of immune responses differ between the sexes 
and are mediated by sex steroid hormones (1, 15, 29). Tim, 
males and females may differ because tcstosterope-su p picsscs 
and estradiol enhances several aspects of imnrane fanctioii (1, 
15, 17, 24, 26, 29). The second ami of this study was to cxamme 
whether adult sex steroid hormone ooncentratioiis influence 
immone lespossses and vims bedding following hantavirus 
infection. Lnmundogically^ patterns of helper T (ITi) cell re- 
fuses (ix., Tbl or 1112) diScT between males and fnnales, 
with males exhibiting elevated Till reqxmses (Le., elevated 
gamma interferon, interieukin-2 [lL-2], and IgG2a levek) and 
females exhibiting mcreased Th2 reqxHises (Le., bigber IL-4, 
lL-5, ILA and ILrlO levels) (5, 12, 13). Treatment of males 
with estradiol and females with testosterone prior to infectioii 
with pathogens, such as coocsackieviras, reverses the Th re- 
^HHiscs, suggesting that hormones can modify immune re* 
spouses to vims infection (12, 13). To determine whether adult 
sex steroid hormone qoncentrations influence immune re* 
qxHises and vini$ shedding foDowing hantavirus infection, at 
70 to 80 days of age 20 male and 20 female rats were bilaterally 
gonadectomized under ketamine (80 mg/kg of body mass)- 
xylazine (6 mg/kg) anesthesia (Phoenix Pharmaceutical, St 
Joseph, Mo.) and given 2 weeks to recover from sorgeiy. After 
recovery, 10 castrated males were eadi subcutaneously im- 
planted with a 30-mm Sflastic capsxAe (mside diameter [i.d] » 



1.47 mm; outside diameter [o.d.] = 1.96 mm) containing 20 
mm of testosterone prc^ionate (Sigma, St. Louis, Mo.). The 
remaining 10 castrated males, as weU as JO intact males, were 
each implanted with an empty capsule of equal length. Ten 
ovariectomized females were each subcutaneously nnplanted 
with a 15-mm Silastic capsule (i.d. = 1,47 mm, o.d. = 1.96 mm) 
containing 10 mm of estradiol ben^oate (Sigma). The remain- 
ing 10 ovariectomized females and 9 intact females were each 
implanted with an empty iSilastic capsule of equal length. Si- 
lastic capsule length was based on previous reports that these 
hormone doses (i.e., the length of the Silastic capsule) are 
suffident to maintain phyaological testosterone and estradM 
concentrations in male and female rats, re^)ectively (25). At 
the tnne the Silastic c^isules were implanted, all animals re- 
ceived an intraperitoneal inoculation of 10^ PFU of Seoul vims 
(strain SR-11) su^nded in 0.2 ml of Eagle minimum essen* 
tial medium (i.e., the ID90 from the first experiment). Blood, 
saliva, and fecal samples were then obtained from each an- 
imal on days 0, 10, 15, 20, 30, and 40 postinoculation mider 
anesthesia with methonyfiurane vapors. Saliva samples were 
collected from anesthetized rats after injecting them intraperi- 
tohealty with ZS mg of pOocarpine HQ (Sigma) per kg of bodjy 
mass suspended in 0.9% sterile saline (6). After samples were 
collected on day 40 postinoculation, animals were Idlled and 
seminal vesicles were removed from the males and weighed as 
an index of long-term testosterone concentrations. AH proce- 
dures descnbed in this paper were approved by the Johns 
Hq>kin$ Animal Care and Use Committee (protocol number 
RA98H536) and the Jc^ns Hopkins QfSce of Health, Safety, 
and Environment (reg^tration number A9902030102). 

Relathre seminal vesicle weights (i.e., corrected for body 
mass) were higher among intact males (0282 ± 0.13 g) and 
castrated males treated with testosterone (0.326 ± 0.12 g) than 
among castrated males (0.095 ± 0.06 g) [F(2, 29) = 12.75,P < 
0.05]. Plasma testosterone concentrations in males and estra- 
diol concentrations in females were assayed by radioimmuno- 
assay using the manufacturer's protocols (ICN Biochemicals, 
Inc., Carson, Calil). Testosterone concentrations were higher 
for intact males and castrated males treated with testosterone 
than for castrated male rats; castrated males treated with tes- 
tosterone also had higher testosterone concentrations than in- 
tact males on days 10, 15, 20, and 30, but not on day 40, post- 
inoculation tF(l^ 179) = 193a F < OJ(iSl (TaWe 1). Plasma 
estradiol concentraticms were higher fo^ intact females and 
ovariectomized females treated with estradiol than for oraii- 
ectomized females 10, 15, 20, 30, and 40 days postinoculation; 
ovariectomized females treated with estradiol also had higher 
estradiol concentrations than intact females on days 10, 15, 20^ 
30^ and 40 postinoculation [F{1(K 173) = 10.29, P < OJKl 
(TaWe 1). 

Manqmlatica of testosterone concentrations in males and 
estradi(d concentrations in females did not affect production of 
antibodiy against Seoul virus (P > 0.05). Overall, males had 
higher anti-Stovl virus IgO refuses Aan females on days 20; 
30, and 40 postinoculation, r^ardless of hormone treatment 
[F(5, 353) ia.72, F < 0.05] (Table 2). Male rats also had 
hi^r anti-Seoul vfrus IgG2a refuses than females on days 
30 and 40 postinoculation despite hormone manipulation 
[f(5, 353) = 7.81, P < 0.05J (Fig. 2A). In contrast, females 
tended to show higher IgGl responses than males on days 30 
and 40 postinoculation, though this did not reach statistical 
significance (P > 0.05) (Fig. 2B). 

Viral RNA was identified using nested reverse transcriptim- 
PCR (RT-PCR), and the presence of virus in sativa and feces 
was used to determine whether virus was shed. Viral RNA was 
isdated using a guanidine isothiocyanate procedure (3). For 
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TABLE 1. Sex steroid honDOTecQDceotratioD^ 



'Honnooc snd ffoop 



HomiOTO ooma (mean ± SB) on day ppstinociilatkm^ 



10 



IS 



20 



30 



40 



Testosterone 




































Intact males . 


0.69 




0A7* 


0.84 




0.17* 


1.13 




036* 


0.92 




0.25* 


0.77 




0.19* 


0.70 


i 0.13* 


Castrated males 


0.00 




0.00 


0.00 




0.00 


0.00 


± 


0.00 


0.00 




0.00 


0.00 




0.00 


0.00 


±0.00 


T-treated males 


0.00 




0.00 


8.24 


± 


0.74*t 


6.28 




0.91*t 


6.62 




1.18*t 


Z73 




0.42*t 


0.71 


±0.28* 


Estradiol 




































Intact females 


25.8 




6.81* 


27.0 




5J57* 


20.8 


± 


839* 


25.9 




7.78* 


38.2 




10.1* 


552 


±10.2* 


Ovx females 


0.00 


± 


0.00 


0.00 




0.00 


0.00 


± 


0.00 


0.00 




0.00 


0.00 




0.00 


0.00 


±0J00 


. Entreated females 


0.00 




0.00 


166.6 




20.6*t 


123.1 




21.9*t- 


873 






1623 




18.8*t 


109.7 


±193*t 



' Sex steroid bomxine COTocniratioDS in males and females that either were intact, gonadectomized Qjc^ males were castrated and females were Ofvaricctcniized 
[Ovx]X or gpnadectomizcd with sex. steroids replaced (le^ gonadectomtied males received testosterone fT]-^Ded capsules and gonadectomized females received 
cstra^ ll^fiDed capsules). 

^Testosterone leveb axe in nanograms per milUUter, and estradiol levels are in pioograms per milliliter. An asterisk iodScatesthat intact and hoimooe-treated nnfanaH ■ 
. had higher bonnooe concentratioDS than their gonadectcMnizcd ooimteiparts on the con e spon d ing day, based on an analysis of variance (P < 0.05). A dagger incScatea 
that hnmotie^treated animab had higher sex steroid concentrations than tbei^ 



RNA isolation from saliva, samples were collected from each 
rat and added to Tiizpl LS reagent (life Technologies^ Rock- 
vOle, Md.) at a 3:1 ratio, with RNase-free glycogen (10 \ig) 
added as a carrier. For RNA eolation from feces* approxi- 
mately 100 mg of feces was homogenized in Tris-EDTA buffer 
(pH 8.0) and centriftiged at 12,000 X g for 10 min at 4**Q 
supematants were coUected, incubated with proteinase K (50 
|L^ml; Life Technologies) and 0.5% sodhim dodecyl sulfate at 
50"C for 30 min to digest proteins, and then added to Trizol LS 
at a 3:1 ratio. To separate, predpitate, and resuspend viral 
RNA, the manufacturer's protocol was used (Trizol LS; Life 
Technologies). 

For RT-PCR, a 280-bp nucleotide sequence of the SR-11 
sinan (S) genome was amplified using two 20-bp primeis, 
HTN-S4 (5' GATAGGTGTCCACCAACATG 3') and 
HTN-S6 (5' AGCTCTGGATCCATGTCATC 3'), that ampli- 
fied positions 979 through 1259 (3). The DNA fragment ob- 
tained from the RT-PCR was further amplified using primers 
HTN-S3 (5' GCCi rCi rriCTATACTTCAGG 3') and 
HTN-S5 (5' CCAGGCAACXATAAACATAAC 3'), designed 
to amplify a 176-bp nucleotide sequence (positions 1031 
throu^ 1207). First-strand cDNA was prepared using the 
GeneAmp RNA PGR kit protocol (Perkin-Ehner, Branch- 
burg, NJ.), incubated iii a DNA thennoc^der (Techne Ce- 
nras) at 4rC for 15 mio, 99^ for 5 min, and 5X for 5 min, 
and then held at A'XX The reaction mixture contained 5 mM 
MgC^ 1 mM deo^qmndeoside triphosphates, 1 U of RNase 
inhibitor, and 2J U of murine leukemia vims reverse tran- 
scriptase. The positive control was SR-11 RNA isolated 



from virus stock, and the negative control was diethyl pyro- 
carbonate water that was included in. the cDNA syntheses 
and primary and secondary amplifications. 

Hie TSO-hp sequence was amplified in a lOtV^il reaction 
mixture containing 20 ^ of the cDNA, 03 |jlM HTN-S6 prim- 
er, and 2.5 U of polymerase (AmpliTaq; Perkin-Ehner). Re- 
actions were amplified for one cycle at 94''C for 3 min and 40 
<7cles of 94X for 30 s, SS'^C for 45 s, and 7TC for 60 s, 
followed by 10 min at 72*C The nested 176>l^ sequence was 
amplified in a 100-|U reaction mixture containing 2 of 
the product of the first DNA amplification, 20 |tM Hjm-S3 
primer, 20 jiM HTN-S5 primer, 10 mM MgOs^ 1 mM de- 
Qxynudeoside triphosphates, and 23 U of polymerase. Nested- 
- PGR products were amplified using the same cyde series as 
was used for the primary amplification. The PGR products 
were electiophoresed on a 4% gel (3% NuSieve phis 1% 
SeaKein; FMG Bioproducts, RocUand, Maine), stained with 
ethidium bromide, and examined for bands of the a ppr o pri ate 
size. Randomly selected positive PGR products from saliva and 
fecal samples from males and females, as well as positive and 
negat^e control products, were purified using QIAqoidc (Qia* 
gen, Valencia, C^iit) and.sequenced. 

Virus shedding in saliva and feces was not altered by bor- 
mcme manipulation (P > 0.QS) (Table 3). Overall, more males 
shed vnus in saliva tium females 10 days (x^ = 3.82, 4f = » 
0.051) and 30 days (x* « 8.19, 4f« 1,P < 0.05) after inocu- 
lation with Seoul virus (Table 3). Hie prevalence of Seoul virus 
in feces also differed between males and fonales on day 30 
pdstmocnlaticm; more males shed vims m feces than femafes 



TABLE Z Hasoiaanti-SeottlvinisIgOre^poDse^ 



Anti-Seoid viiitt ^ le^OBse (mean ± on postmoa^^ 



10 



15 



70 



30 



Intact males 


0.8± 


0.6 


4.9± 


3J) 


84.0 ± 


22.0 


106.0 




19X^ 


332S> 




47.0* 


342.1 




5M^ 


Castrated males 


1.0 ± 


0.7 


1.0 ± 


IJ) 


82.0 ± 


21.0 


106.0 


± 


27.0* 


280J) 




71.0* 


3873 




84.0* 


T-treated males 


1.0 ± 


0.7 


Z0± 


0.9 


33.0 ± 


10.0 


108.0 




14.0» 


314.0 




41.0* 


426i7 




43.0* 


Intact females 


3.0± 


1.0 


9.0 ± 


4.0 


36i)± 


10.0 


60i) 




14.0 


189.0 


± 


55.0 


219.6 




63X) 


Ovx females 


2.0± 


0.8 


4.0 ± 


ZO 


7.0 ± 


3.0 


54.0 




16.0 


187.0 




56.0 


209.2 




53.0 


Entreated females 


3.0 ± 


1.0 


&0± 


ro 


19.0 ± 


6.0 


39S) 




8.0 


178.0 




4Z0 


209.1 




39.0 



*FlasnMaiiti^eoi]|nnisIg0KCSi>oiMiDiiui!csandfeii^ 0-^^ males were castrated and females wtie ovariecto^^ 

[Ovx]X or gpoadectomized wiA sex steiokb replaced (Le., g onad t rf r wnfa ed males received testosterone pySSkd capsoks aod gonadtttoouml Ibnaks received 
estradiol p^fiUed c^sules). 

^Data are presented as IgO muts^ m Miidi the mean OD of eadi test sampfe was divided by tbeOD of the positive control sample run on the same ml oot ile r plate. 
An asterisk indicates that males had hisber IgG responses than females^ rcgardte 
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FIG. 2: (A) Hasan antS-^eooI vins IgG2a responses (mcao ± standard 
OTor) in male and female nts. (B) Plasma antj-Scool virns IgGl i cspon so 
(mean ± standard cnor) in male and femak rats. Btood sa2iq>lcs wtxe ccrfkctcd 
■ ai()^15>2^30^and40dayifollcfwiqgii^ 
lation of IgG2a or ^1 imils» die mean OD of eadi test suDite 
tlie OD of ibe positive oootiot saro}^ run oo Il» nme miootilcr 
neithcy gwaia d ei uuu ijf aof bormone icphstMuuil had aa cgect on anti bod y prcK 
doction, rop onse i from the diffcjcnt treatoKats groups were conapstd and 
grapbed together. An asterisk indicstes that mdes bad higberIgG2a 
than females (P < 0lQ5). 



(X^=»6^4f~ 0.05) (TaUe 3). In general, males shed 
virus in saliva and feces mcnre oon^stently than females, re- 
gardless of hormone manipulati(»i (Table 3). Hie FCR prod- 
uct obtained from saliva and feces males and females was 
sequenced and verified as Seoul virus DNA. 

Sex differences in the prevalence c€ hantavirus infection 
have been observed in several natural rodent populations^ in- 
duding deer mice, brush mice, harvest mice, bank voles, and 
cotton rats (4, 8, 11, 19, 20, 27). In each case, males are 
infected more often than females. I^eld studies of Norw:^ rats 
suggest that sex differences in hantavirus prevalence reflect sex 
differences in behaviors, like aggression, that increase the like- 
lihood of males being infected (10). Hi^ circulating testoster- 
one concentrations increase the probability of engaging in 
aggressive encounters in several vertebrate species (21). In 
addition to modulating aggresskm, sex steroid hormones can 



affect immune responses agiainst infection. Studies <^ viial in- 
fections» such as coxsackievirus, suggest that sex differences in 
both the prevalence and intensi^ of infection are due to dif- 
ferences in endocrine-immune interactions (12, 13). . 

Despite the known effects of sex steroids m Mection, in the 
present study, manipulation of adult sex steroids had no effect 
on immune responses or virus shedding following exposure to 
Seoul virus. Specifically, males had higher antibody responses 
and shed virus longer than females, regardless of aduh hor- 
roone manipulation. Sex steroid hormones affect physiology 
and behavior at two distinct times during ontogeny (2, 16^ 23). 
During perinatal develc^nnent, sex steroids cause sex differ- 
ences in the differentiation organization of central and pe- 
ripheral structures. In adulthood, exposure to sex sterdds 
serves to activate preexisting hormonal circuits. The data from 
the present study may suggest that sex steroid hormones are 
not involved in hantavirus infection. Alternatively, these data 
may illustrate that manipulation of activational sex steroids 
does not alter refuses to infection because the hormonal 
circuitry was organized earlier during development If sex ste- 
roids organize adult responses to infection, then manipulation 
of neonatal sex steroids should alter adult responses to hanta- 
virus infection. 

Regardless of hormone manipulation, males had higher an- 
ti-Seoul virus IgG2a responses than females. Recent data from 
our laboratory indicate that foUowing Seoul virus inoculation, 
males have elevated ILr2 and gamma interferon concentra- 
tions and females have elevated IL-4 responses (S. L. Klein 
and G. R Glass, unpublished data). Taken together, these data 
suggest that males may have higher Thl refuses to hantavi- 
rus infection than feniales. Studies of other viral infectk>ns in 
rodents suggest that females typically have higher Th2 re- 



TABLE 3. Vims shedding 



Sample and 



Na of vims-sbedcfiDg rats^tal on 
day postboculatiom^ 



groop 


10 


15 


20 


30 


40 


Saliva samples . 












Intact males 


6/11 


7/10 


mi 


6/11 


6ni 


Castrated males 


A/9 


4/9 


6/9 


5/9 


a/9 


T-treated males 


9/10 


7/10 


A/10 


6/10 


7/10 


Total males 


19W 


lS/29 


16/30 


17/30* 


2m 


Intact females 


3/9 


6/9 


5/9 


2/9 


2/9 


Ovx females 


4/10 


7/10 


2/10 


2/10 


6/10 


Entreated females 


3/10 


mo 


3/10 


1/10 


6/10 


Total females 


1(V29 


23/29 


11/29 


5/29 


14/29 


Fecal sanq^es 












Intact males 


5/11 


4/11 


4/11 


5/11 


1/11 


Castrated males 


6/9 


5/9 


7/9 


4/8 


1/9 


T-treated maks 


AM 


WO 


7/10 


7/9 


1/10 


Total males 


15/30 


15/30 


lS/30 


16/29* 


3/30 


Intact females 


7/9 


4/9 


A/9 


1/8 


0/9 


Ovx females 


9/10 


4/10 


6/10 


2/10 


2/10 


Ei-lieated females . 


6/9 


5/10 


mo 


2/10 


1/10 


Total females 


22/28 


13/29 


ia/29 


5/28 


3/29 



• Viros dtfidding in saliva and feces from males and females that eitfaer were 
intact, gonadectomizcd (ie, males were cast r a te d and females were ovariecbv 
mized lOvxJ^ or gonadectomtzed with sex steroids ic|rfaoed ^e, ^ODadecto- 
mized males received testosterone [Infilled capsules and gonadectomized fe- 
males received estradiol [EJ-fiDed capsules). 

^ An asterisk indicates that more males sb<^ virus than females OQ the rcspco- 
tive daj pogyinooilatiDo, based oo dd-stpisre analyses (P < 0JQ5). 
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.sponses than males and that this is due, in part, to the effects 
estrogens on cytokine production (12). In the present study, 
females tended to produce higher IgCl responses than males. 
In contrast to estrogens, androgens promote differentiation of 
CD4* T cells to a Thl phenotype (12). In the present stucfy, 
however, castrated and intact males had similar IgG2a re* 
.^nses, suggesting that increased Thl responses are not con- 
tingent on the direct effects of androgens. 

High antibody responses in males may indicate that males 
have more efficient immune responses against infection than 
females. This outcome seems unlikely gjven the rapid inoease 
and long duration of virus shedding in males compared to 
females. Alternatively, males may have higher antibody re- 
sponses than females because virus replication is .increased in 
males. Higher Thl refuses are associated with increased 
susceptibility to infections caused by coxsackievirus and Sind- 
bis virus m mice (12, 28). Although quantitative analyses were 
not conducted, males shed Seoul virus longer than females, 
suggesting that higher Thl responses among males may be a 
consequence of increased virus replication. 

In suminary, although males and females are equally suscep- 
tible to infection with Seoul virus, males shed virus longer and 
produce higher Thl responses against Seoul virus than fe- 
males. Increased virus shedding among males may explain why 
inales are more likely to acquire Seoul virus infection following 
aggressive encounters among natural ix>pu]at]ons of Norway 
rats (10). In the present stud^, manipulation of adult sex ste- 
roid hormones did not alter immune responses or virus shed- 
ding foUowiug inoculation with Seoul virus. Although sex ste- 
roid hormones may not me(hate sex differences in response to 
hantavirus infection, sex differences in infection among adults 
may be altered by sex steroids earlier during development. 
Alternatively, sex differences in infection may reflect other 
neuroendocrine changes^ such as differences in glucocorti- 
coids, that may affect responses to Seoul virus infection. 

This research was siqpported by NASA grant NCC5-30S (G£.G.) 
and NIH NRSA AI 10324 (SX.K.). 
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